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ABSTRACT
A series of studies were conducted from 1983-1985 under greenhouse,
field, and laboratory conditions. Activities of asulam [methyl
[(4-aminophenyl)sulfonyl]carbamate], dalapon (2,2-dicliloropropionic
acid) and asulam/dalapon combinations on itchgrass (Rottboellia exaltata
L.f.) and johnsongrass [Sorghum halepense (L.) Pers.] were examined.
Combinations consisted of tank mixes and sequential applications.
Visual evaluations were taken 3 and 6 weeks after treatment (WAT) in
1983 and 4 and 8 WAT in 1984. Twelve WAT plant height, stem number,
seedhead number and biomass were measured. Visual evaluation results
paralleled quantitative measurements. Itchgrass and johnsongrass
control equivalent to or greater than control obtained with 3.7 kg/ha
asulam was observed with a tank mix of 2.2 kg/ha asulam plus 3.4 or 4.5
kg/ha dalapon. Sequential treatments which consisted of initial dalapon
application followed 0, 1, 2, or 3 weeks later with asulam provided
14equivalent control to tank mixes. When metabolism of C-asulam was
14monitered, seven days after application, 97-100% of recovered C
14co-chromatographed with C-asulam. Itchgrass exhibited rapid uptake of 
14C-asulam within 8 hr after application. Asulam concentrations
remained constant in the plant between 8 and 72 hr. Johnsongrass plants
showed a differential response to asulam and asulam/dalapon treatments.
14Asulam-treated johnsongrass absorbed 26 - 34% C (of total recovered)
within 2 hr with no future significant increase in absorption through 72
14
hr. Treatment of johnsongrass with asulam/dalapon enhanced C
14absorption with time. At 24 and 72 hr C levels were double that
14absorbed from treatment of asulam alone. Movement of C-asulam in the 
apoplast and symplast of both itchgrass and johnsongrass was noted. The
vii
highest radiolabel accumulated in the lower leaves of itchgrass and 
remained in the treated leaf of johnsongrass.
viii
LITERATURE REVIEW
Dalapon.
Dalapon (2,2-dichloropropionic acid) is a postemergence systemic 
herbicide used for control of many annual and perennial grasses such as: 
bermudagrass [Cynodon dactylon (L.) Pers] (Frans, et al 1982), smutgrass 
[Sporobolus poiretii (Roem Schult.) Hitchc.] (Smith 1982), johnsongrass 
[Sorghum halepense (L.) Pers.] (McWhorter and Jordan 1976a), quackgrass 
[Agropyron repens (L.) Pers.] (McIntyre 1962), itchgrass (Rottboellia 
exaltata L.f.) (Millhollon, R.W. 1965),, yellow foxtail [Setaria glauca 
(L.) Beauv.], (Andersen e£ al, 1962a), barnyardgrass [Echinochloa 
crus-galli (L.) Beauv.], guineagrass (Panicum maximum Jacq.], and 
paragrass [Brachiaria mutica (Forsk.) Stapf], (Miller 1985). Efficacy 
increases when applications include a surfactant (Foy 1963b, Foy and 
Smith 1964, McWhorter 1963, McWhorter and Jordan 1976a). Dalapon 
characteristically stunts susceptible plants and causes a twisting of 
the apical meristem (Millhollon 1985). Millhollon (1985) reported that 
single dalapon rates cause temporary suppression of johnsongrass.
Plants treated with up to 9 kg/ha dalapon eventually produced regrowth. 
Thorough control with dalapon, especially with perennial grasses, is 
more successful when applied in two or more applications rather than a 
single dose (Hanson 1956, Hauser and Thompson 1959, Klingman and Ashton 
1975).
The fate of dalapon in plants has been widely studied. Plant 
species have included quackgrass (McIntyre 1962), bermudagrass (Maroder
1973), johnsongrass (McWhorter and Jordan 1976b), wandering jew 
(Tradescantia fluminensis Veil.), yellow foxtail, sugar beets (Beta
1
2vulgaris L.)(Andersen et al 1962a, Andersen £t al 1962b), bean 
(Phaseolus vulgaris L.) (Sargent et al 1969), cotton (Gossypium hirsutum 
L.), corn (Zea mays L.), (Foy 1963c), barley (Hordeum vulgare L.) 
(Prasad e_t al 1967), and sorghum (Sorghum vulgare Pers.) (Foy 1961a). 
Once it has entered the plant, dalapon behaves similarly in both 
susceptible and resistant species. Dalapon is moved as the parent acid 
(or dissociated salt) with negligible metabolism or inactivation 
(Blanchard £t al 1960, Foy 1961a, McWhorter and Jordan 1976b, Smith and 
Dyer 1961).
Radiolabelled dalapon has been shown to enter the plant through the 
cuticle or stomata (Foy 1963a, Prasad et al 1965). Cuticular entry was 
less rapid than stomatal entry (Foy 1963a). The level of dalapon 
penetration is influenced by adjuvants and relative humidity (RH).
Prasad et al (1965) postulated that high RH conditions enhance dalapon 
penetration because (1) droplets dry slowly and provide the plant a 
longer time period for herbicide uptake, (2) a greater percentage of 
stomata remain open, and (3) the cuticle becomes hydrated, maintaining 
an aqueous pathway through the lipid cuticle. Once inside the plant, 
dalapon moves via the apoplast and symplast. If excessive rates are 
applied, acute toxicity results and translocation of the chemical is 
greatly reduced due to cellular disruption (Crafts and Foy 1959, Foy 
1963b). Absorption and translocation were increased at high RH 
(88-100%) compared with lower RH (35-60%) (Prasad £t al 1965, McWhorter 
& Jordan 1976a). Addition of a surfactant increased translocation under 
all environmental conditions regardless of temperature or RH (Foy 1961a, 
Prasad et al 1965). Dalapon translocation follows assimilate movement, 
accumulating in areas of active plant growth (root apices, apical
3meristems, and intercalary meristems on young plants; flowers, seed, and 
rhizomes on older plants) regardless of species susceptibility (Foy 
1963a, Foy 1963b, Crafts and Foy 1959, Hull 1969, McIntyre 1962, Maroder 
1973, Smith and Dyer 1961). In cotton, radiolabelled dalapon was found 
to relocate when sinks within the plants changed due to plant maturity 
age (Foy 1961b, Crafts and Foy 1959). Differences in absorption, 
translocation and metabolic inactivation were not found to be 
responsible for species selectivity. Dalapon is believed to interfer 
with physiological processes within the protoplasm although the specifc 
mode of action is not yet understood. (Foy 1961, Andersen et al^ , 1962b, 
Crafts and Foy 1959).
The influence of dalapon on an assortment of physiological 
processes has been investigated. Dalapon treatment interferred with 
glucose utilization in barley and johnsongrass. A decrease in glucose 
corresponding with and increase in sucrose concentrations was reported 
(Jain et al 1966, McWhorter 1961). In vitro studies by Kemp £t al 
(1969) found dalapon formed hydrogen bonds with N-methylacetamide (used 
as a model protein). These researchers speculated that dalapon may 
behave similarly in plants and inhibit or interfer with enzyme activity. 
Ingle and Rogers (1961) found no evidence of dalapon altering oxygen 
uptake, respiration or metabolic production of energy.
Several researchers investigated dalapon interference with 
pantothenic acid biosynthesis. This would indirectly affect CoA and 
Krebs Cycle activity including oxidation of organic acids. Oyulo and 
Huffaker 1964, Ingle and Rogers 1962). Initial studies conducted on 
yeast and E. coli showed dalapon to be a competitive inhibitor of 
pantanoate (Ingle and Rogers 1961). However, subsequent studies in
4cucumber, corn and Lemna minor, slight to no reversal of dalapon 
inhibition was found with addition of calcium pantothenate or 1-pantoic 
acid (Ingle and Roberts 1961, Prasad and Blackman 1965).
Oyulu and Huffaker (1963) found that wheat germinated in a dalapon 
solution (.013 M) for two days and transplanted showed an initial 
reduction in Krebs cycle intermediates but levels return to normal 
within 45 days. These authors concluded that CoA was not a limiting 
factor. This agrees with data by Jain et al (1965) who found dalapon 
application caused no reduction of CoA levels in barley tissue. Yeast 
and microbes contain higher innate concentrations of pantoic acid. 
Therefore, initial studies with inhibition by dalapon exaggerated its 
physiological importance in plants (Ingle and Rogers 1961).
Andersen e£ al (1962b) postulated that dalapon was responsible for 
degradation of protein to amino acids which were further metabolized 
to result in an accumulation of toxic ammonia levels. Amides such as 
glutamine and asparagine are formed by the plant to detoxify high 
ammonia concentrations (Andersen tit al. 1962b). Researchers found an 
initial increase in glutamine and asparagine levels in sugar beets, 
yellow foxtail and barley treated with dalapon (Andersen ejt al 1962b, 
Jain et al 1969). Amide levels for sugar beets, a dalapon resistant 
plant, returned to normal within a few days. Similarly, Sistrunk (1969) 
reported susceptible genotypes of bermudagrass contained higher levels 
of asparagine than tolerant genotypes. It is postulated that dalapon 
resistant plants are able to rapidly detoxify ammonia or prevent its 
formation (Andersen et al 1962b, Sistrunk 1969).
5Asulam
Asulam Is a selective herbicide with both pre and postemergence 
activity. Postemergence applications are most applicable since lower 
rates can provide the same level of control as higher preemerjgence 
rates. Tolerant crops include alfalfa (Medicago sativa L.), conifers, 
bermudagrass, fescue (Festuca spp.), red clover (Trifolium pratense L.) 
white clover (Trifolium repens L.), flax (Linum ultatissimum L.), St. 
Augustinegrass [Stenotaphrum secundatum (Walt.) Ktze.], and sugarcane 
(Saccharum interspecific hybrids) (Griffith 1976). Asulam controls a 
unique variety of weeds including johnsongrass (Millhollon 1976), 
itchgrass (Fontenot and Sandus 1984), quackgrass, wild oat (Avena fatua 
L.), (Sharma er al 1978), chickweed (Stellaria media), (Veerasekaran £t 
al 1981 b), musk thistle (Carduus nutans L.)(Jersey and Glenn 1981), 
dock (Rumex obtusifolius L.), coltsfoot (Tussilago farfara), alang-alang 
(cogongrass) [Imperata cylindrica (L.) Beauv.], bracken fern [Pteridium 
aquilinum (L.) Kuhn] (Brockelsby and Muggelton 1973). Asulam 
predominantly used in tropical and subtropical regions for weed 
management in plantation crops such as rubber [Hevea brasilienses 
(Willd. Juss.) Mull. -Arg.], banana, (Musa spp.) mango (Mangifera indica 
L.) and sugarcane.
Successful control with asulam has been attributed to the herbicide
concentration which enters the plant (Catchpole and Hibbitt 1972).
Penetration of asulam increases as RH increased. Fresh weight of
asulam-treated alang-alang was reduced 35 and 60%, respectively at 40
and 90% RH. Suppression of regrowth increased from 50% (at 40% RH) to
14
83% (at 90% RH). Lab studies showed that the uptake of C-asulam
614increased from 17% (of total C applied) to 80% with an increase from 
40 to 90% RH.
Addition of adjuvants has had variable success. Holroyd and
Thornton (1978) reported no change in asulam activity when a 0.25-0.5%
surfactant was included for control while other researchers have found
substantial increases (Babiker and Duncan (1975), Sharma ej: al (1978),
Veerasekaran et al 1977a). Babiker and Duncan (1975) doubled the
absorption of asulam in bracken pinnules from 35 to 70% using 0.25%
surfactant. Sharma et al (1978) reported penetration of ^C-asulam in
14wild oat, 24 hr after application, was 9.5% (total C recovered) for 
low RH, 50.3% absorbed with low RH plus surfactant, 38.9% with high RH 
and 75.8% with high RH plus surfactant. The addition of a surfactant 
does not decrease asulam activity but allows for maximum herbicide 
penetration during periods of less optimal environmental conditions.
Temperatures increases (20-30 C) have been shown to enhance 
penetration and translocation of asulam (Sharma et al 1978, Veerasekaran 
et al 1980). Asulam at 4 kg/ha reduced fresh weight of alang-alang from
46 to 60% when temperature was raised from 20 to 30 C. In wild oats,
14 14C-asulam penetration was 3.3, 14.7 and 25.2% (total C recovered) for
10, 20, and 30 C, respectively.
Stage of growth, at the time of asulam application, has been shown
to be important in two respects. First, younger plants tend to have
less cuticle, allowing for easier penetration into the plant (Hull 1972
cited by Veerasekaran and Kirkwood 1972). Secondly, the age of the plant
influences where the herbicide will accumulate (Holroyd and Thorton
1978). Veerasekaran and Kirkwood (1972) found that in bracken,
14absorption of C-asulam decreased with frond stage of development.
7Greatest control of bracken occurred with application to fully open
frond leaves which allowed for maximum herbicide contact on the plant
(Veerasekaran and Kirkwood 1972). Catchpole and Hibbitt (1972) showed
14that the greatest absorption occurred in bracken when C-asulam was
placed on a young leaves as opposed to more mature leaves.
However, translocation in early frond stages was minimal, primarily
accumulating in frond tips while translocation in mature plants became
concentrated in regions of meristematic activity (apices and frond
buds). They found that the optimum time of application to bracken was
when assimilate movement was largely basipetal so that asulam would be
moved to the rhizomes. The high level of asulam accumulation in the
buds and apices suggest that asulam is transported in the phloem with
assimilates (Veerasekaran and Kirkwood 1972).
Laboratory studies using radio-labelled asulam have been
conducted involving entry and movement in the plant as well as
metabolite formation. Once in the plant, the parent asulam is fairly
14stable. After 10 weeks, 65-75% C was identified as asulam
(Veerasekaran 1977a). In bracken, Veerasekaran ejt al (1977a) found
14one-half of the total C-asulam absorbed in 20 wk was taken up during
the first week after application. An increase in humidity from 50 to
14
95% at 30 C increased total C-asulam uptake from 18.2 to 40%, 14 days 
after'treatment.
Asulam is moved throughout the plant, accumulating in areas of high
metabolic activity in succesible species, while resistant species
restrict asulam movement Flax and sugarcane (asulam resistant) had 
14limited C-asulam movement with accumulations restricted primarily to 
the treated leaves while in dock and quackgrass (asulam susceptible),
814
C was distributed throughout the plant (Sharma et al 1978, Catchpole 
and Hibbitt 1972).
An extensive amount of research has been involved with 
investigating the mode of action of asulam. Several physiological 
changes such as decreased respiration, inhibition of oxidative 
phosphorylation, reduction in protein and RNA levels (Veerasekaran e_t 
al 1977b), inhibition of purine biosynthesis (Kidd et al 1980), and 
mitotic irregularities in root tips (Sterrett and Fretz 1975) have been 
observed. The structure of asulam is similar in, physical and chemical 
properties with sulfanilamide which are known inhibitors of plant growth 
(Veerasekaran et al 1981a). Sulfonilamide competitively inhibits 
4-aminobenzoic acid (4ABA) in the biosynthesis of folic acid 
(Veerasekaran 1981b). Growth inhibition induced by asulam or 
sulfanilamide were reversed by the addition of 4 ABA in in vitro carrot 
(Daucus carota L.) suspension cells (Killmer e£ al 1980) and whole plant 
studies with wheat (Triticum aestivum L.), wild oats, flax, chickweed 
and barley (Veerasekaran £t al 1981a, Veerasekaran e^ t al 1981b, Gifford 
et al 1982, Stephen et al 1980). Tolerance to asulam is correlated to 
high inherent folate levels. Total folate levels in Polygonum 
lapthafolium, and chickweed (resistant species) were over twice that 
found ifi wheat, wild oats, and barley (susceptible species). These 
authors speculated that control of plants does not occur until folate 
levels are depleted, thus explaining the long time interval required for 
plants to express visible symptoms of asulam injury.
Itchgrass and Johnsongrass Control in Louisiana.
In Louisiana sugarcane, itchgrass and johnsongrass are two serious 
weed problems. Although itchgrass is an annual, often it is as
9competitive as rhizome johnsongrass (Patterson and Quimby 1978, Pamplona
1974). Johnsongrass is difficult to manage once established in a field. 
Sugarcane rows cannot be cultivated after layby, thus providing an ideal 
environment for proliferation of johnsongrass rhizomes. A desirable 
herbicide treatment is one that will control foliage to eliminate seed 
production as well as move into the rhizome and kill apical buds. The 
most dramatic development of johnsongrass rhizomes occurs between late 
boot to seedhead maturity (McWhorter 1969). At this time assimilates 
are moved into the rhizome system (Hull 1969). It is best to control 
johnsongrass before the plant begins to develop additional rhizome 
growth.
In sugarcane, a weed management program consisting of both 
preemergence and postemergence herbicides is necessary for control of 
itchgrass and johnsongrass (Matherne et al 1977). The preemergence 
herbicides fenac (2,3,6-trichlorobenzeneacetic acid), terbacil 
[5-chloro-3-(1,1-dime thyl-ethyl)-6-methy1-2,4(1H,3H)-pyrimidinedione], 
metribuzin [4-amino-6-(l,l-dimethylethyl)-3-(methylthio)-l,2,4-triazin-5 
(4H)-one], and trifluralin [2,6-dinitro-N,N-dipropyl-4-(trifluoromethyl) 
benzenamine] are used for control of seedling grasses (Fontenot and 
Sanders 1984, Matherne et al 1977. Rhizome johnsongrass is not 
controlled with these preemergence treatments Matherne et al 1977. 
Millhollon (1965) was not able to achieve satisfactory control using the 
preemergence herbicides, diuron
[N*-(3,4-dichlorophenyl)-N,N-dimethylurea], simazine 
(6-chloro-N,N*-diethyl-l,3,5-triazine-2,4-diamine), fenac, monuron 
[N*-(4-chlorophenyl)-N,N-dimethylurea], TCA (trichloroacetic acid), or 
bromacil [5-bromo-6-methy1-3-(1-methylpropyl)-2,4(1H,3H) 
pyrimidinedione].
10
Trifluralin is the only labelled preemergence herbicide that will 
control itchgrass (Matherne et al 1977). Trifluralin is effective for 
approximately 60 days after application while itchgrass seedlings 
continue to emerge throughout the growing season (Matherne £t al 1977, 
Millhollon 1965). Postemergence applications are therefore necessary to 
control these problem.weeds.
DSMA (disodium salt of methylarsonic acid) and MSMA (monosodium 
salt of methyarsonic acid) provide effective itchgrass and rhizome 
johnsongrass control (McWhorter 1966, Millhollon 1965, Millhollon 1970, 
Millhollon (1985) found MSMA provided more effective postemergence 
control of rhizome johnsongrass than asulam or dalapon. Unfortunately, 
these organic arsenicals are not labelled for use in sugarcane in the 
U.S. (Millhollon, 1985). Asulam and dalapon are used extensively in 
Louisiana sugarcane (Matherne et al 1977, Millhollon 1976, Millhollon 
1985). Asulam at 3.7 or 4.5 kg/ha will control johnsongrass. However, 
rhizome johnsongrass may require an additional application if regrowth 
occurs (Millhollon 1976). A single application of 3.4 kg/ha asulam 
provided 63% seasonal control while two applications of 3.4 kg/ha spaced 
8 wk apart provided 88% control with no decrease in sugar yield 
(Millhollon 1976).
Dalapon is used in sugarcane for control of grass weeds. McWhorter 
(1971) found 10 kg/ha dalapon applied to 55 johnsongrass ecotypes 
provided 36-91% control. Biotypes of bermudagrass also showed 
difference in dalapon susceptibility (Rochecouste 1962). Millhollon 
(1965) reported young itchgrass up to 10 cm high could be controlled 
with 6.7 kg/ha dalapon. In sugarcane, a dalapon rate no greater than 
4.5 kg/ha is suggested due to sensitivity of sugarcane to higher rates
11
(Matherne and Millhollon 1973). Reeves (1976) found 0, 20, 40 and 60% 
cane injury 140 days after application of 3,4, 6.7, 10.1 and 13.4 kg/ha 
dalapon. Dalapon at 4.5 kg/ha did not provide thorough control of 
johnsongrass indicating the need of an additional herbicide application 
(Millhollon 1985). Efficacy of dalapon was increased when applied in 
two or more applications for control of perennial weeds (Hanson 1956, 
Hauser and Thompson 1959). In Louisiana, dalapon applications to 
sugarcane after mid-May, when a second application is necessary, is 
likely to cause cane injury which will result in yield loss (Fontenot 
and Sanders 1984). Two applications of 4.5 kg/ha dalapon spaced 4 wk 
apart provided 69%
seasonal control of johnsongrass and reduced sugar yield equivalent to 
the untreated check (Millhollon 1970). In Hawaii, Hanson (1956) found 
two or three directed applications of dalapon were necessary to control 
perennial grasses. This author found the number of feasible 
applications was regulated by the cost of each application.
In Louisiana, Millhollon (1985a) found a 7% increase in 
johnsongrass control with an asulam/dalapon tank mix treatment compared 
with asulam alone. A formulated mix of asulam/dalapon^ provided good 
weed control in tropical areas. In Taiwan, these formulations increased 
the spectrum of weed control provided by asulam or dalapon alone without 
injuring sugarcane tolerance (Hill and Ingram 1980). In other 
locations, these formulations provided control of Imperata cylindrica, a 
rhizomatous perennial grass, as well or better than glyphosate 
[N-(phosphonomethyl)glycine] (Hill and Ingram 1980, Hill and 
Veerasekaran 1981). In greenhouse and growth chamber studies, the 
formulated asulam/dalapon mix (6 or 12 kg/ha a.i.) was found to cause a
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greater reduction in fresh weight and suppression of regrowth of
Imperata cylindrica than either asulam at 4 kg/ha or dalapon at 6 kg/ha
(Veerasekaran 1980). Control with all treatments increased under
conditions of high RH with the asulam/dalapon mix providing the highest
14control. Lab studies showed that absorption of C-asulam was increased
under condition of high RH and when applied in the asulam/dalapon tank 
14mix. Although C absorption was increased there was no difference in 
the amount of radiolabel translocated in the plant. Since both asulam 
and dalapon show activity on itchgrass and johnsongrass it is plausible 
to investigate the efficacy of asulam/dalapon combinations.
ARD 13/30 (65% s.p. asulam + dalapon), ARD 13/31 (63.5% s.p. 
asulam + dalapon), May & Baker, Ltd., Essex, England.
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ABSTRACT
Greenhouse studies were conducted examining the response of 
itchgrass (Rottboellia exaltata L.f.) and seedling johnsongrass 
[Sorghum halepense (L.) Pers.] to 2.2 or 3.7 kg/ha asulam 
[methylf(4-aminophenyl-sulfonyl]carbamate], 2.2, 3.4, or 4.5 kg/ha 
dalapon (2 ,2-dichloro-propionic acid) and tank mixes of the two 
herbicides. Tank mixes controlled itchgrass more effectively than 
any single application. Tank mixes provided johnsongrass control 
(91-100%) equivalent to the most successful single treatment of 3.7 
kg/ha asulam (80%) with less regrowth measured three weeks after 
clipping. Control with tank mixes was not enhanced when asulam rates 
were increased from 2.2 to 3.7 kg/ha. Results from biomass 
measurements paralleled visual control. On itchgrass and 
johnsongrass, tank mix treatments resulted in dead tissue (DT) 
weights equal to 3.7 kg/ha asulam alone and less live tissue (LT) 6 
WAT than single applications. Tank mix rates of 2.2 kg/ha asulam 
plus 3.4 or 4.5 kg/ha dalapon controlled itchgrass and johnsongrass 
equivalent to 3.7 kg/ha asulam while reducing asulam rates by 40%.
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INTRODUCTION
Johnsongrass is a severe weed in the southern Louisiana 
sugarcane region (2). Since johnsongrass is a perennial capable of 
reproducing by both seeds and rhizomes. Control of seedling 
johnsongrass is often compared with control of annual grasses. This 
is misleading since johnsongrass control is generally more difficult 
unless treatments are made to very young plants. Seedling 
johnsongrass begins to develop a rhizome as early as 3 weeks after 
emergence (3). Plants initiated by seed have been reported to 
produce 212 linear feet of rhizome by the end of the growing season 
(3). Once a spur has developed, johnsongrass seedlings begin to 
follow similar growth patterns with rhizome johnsongrass. Once 
established, rhizomes serve as a carbohydrate reserve which 
supplements the plant in the event of a stress situation.
In sugarcane areas with heavy johnsongrass infestations, both 
pre- and postemergence treatments are necessary to adequately control 
johnsongrass. Postemergence herbicides available in sugarcane 
include both asulam and dalapon. Control of established johnsongrass 
infestations is often difficult with a single application. Two 
postemergence applications are suggested for problem areas. Asulam 
alone at 3.4 kg/ha applied to 61 cm johnsongrass provided 63% 
seasonal control in Louisiana while two applications at the same rate 
spaced approximately 8 wk apart increased control to 88% (8).
Dalapon activity on perennial grasses is more effective when applied 
in two or more applications (1). Repeated applications are time 
consuming as well as costly to the farmer.
24
conducted on the rhizomatous grass alang-alang, also known as cogongrass
[Imperata cylindrica (L.) Pers.], compared 4 kg/ha asulam and 8 kg/ha
dalapon alone to a formulated mix of asulam/dalapon —  ^at 6 or 12 kg/ha
(12). The asulam/dalapon mix caused a reduction in fresh weight equal
to or greater that treatments of asulam or dalapon alone and suppressed
regrowth greater than the single applications when evaluated two months
after clipping. High humidity enhanced control of alang-alang with the
asulam/dalapon formulation, resulting in what the author described as a
synergistic response.
It would be beneficial for the sugarcane grower if an asulam/
dalapon tank mix application showed similar activity on itchgrass and
johnsongrass. Therefore, the objective of this study was to investigate
the activity asulam/dalapon tank mixes for control of itchgrass and
johnsongrass in a greenhouse situation to determine whether tank mix
applications show potential as an alternative postemergence treatment
for itchgrass and johnsongrass control in sugarcane.
MATERIALS AND METHODS
Experiments were conducted in the greenhouse between October
1982 and April 1983. Itchgrass and johnsongrass seeds were planted
2/
in 15 cm styrofoam pots with a 3:1 (v/v) of potting media — and sand
with a pH of 6.8 and 3.1% O.M. Seedlings were thinned to two plants per
pot. Plants were grown on a 14 hr daylength supplemented by metal
-2 -1
halide lights which provided an average intensity of 800 uE'm s with
^ARD 13/30 (65% w/w s.p. asulam + dalapon). Individual herbicide 
concentrations unavailable. May & Baker, Ltd.
^Jiffy Mix Products, Illinois.
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a mean day/night temperature and relative humidity (RH) of 24/17 C and
80/50% respectively. Itchgrass and johnsongrass plants were treated at
the 3 to 4 collar stage; 18 to 24 cm and 25 to 45 cm, respectively.
Plants were sprayed using a CO^ backpack sprayer which delivered 200
L/ha at 207 kPa. Tank mix treatment rates consisted of asulam at 0, 2.2
and 3.7 kg/ha and dalapon at 0, 2.2, 3.4, and 4.5 kg/ha. All treatments
3 /included 0.5% (v/v) nonionic surfactant — (aklyarylpolyoxethylene 
glycols, free fatty acids, and isopropanol).
Evaluations. Visual control evaluations were taken 3 and 6 wk 
after treatment (WAT). Weed response was evaluated on a scale of 0 to 
100% with 0% being no injury and 100% being death of the plant. At 6 
WAT, plants were cut at the soil level and tissue was separated into 
dead (necrotic) tissue (DT) and live (green and chlorotic) tissue (LT) 
which was then dried in a forced air oven at 80 C and subsequently 
weighed. Pots remained in the greenhouse for an additional 3 wk to 
allow regrowth. Three wk after initial clipping, regrowth was cut, 
dried and weighed.
Analysis. Studies were set up in a completely randomized design 
with four replications and repeated twice. Treatments means were 
separated using Duncan's multiple range test at the 95% level of 
confidence. A priori contrasts were also conducted to provide 
information on specific comparisons.
RESULTS AND DISCUSSION 
Itchgrass Evaluations. Contrasts of treatments averaged across all
3/— X-77. Chevron Chemical Company, Ortho Division, Richmond, 
California.
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rates showed asulam/dalapon tank mixes provided excellent itchgrass 
control (96%) compared with asulam (72%) or dalapon (56%) 6 WAT (Table
1). The increased control with tank mix applications was substantiated 
by biomass measurements. Tank mixes showed significantly greater DT 
with minute amounts of LT. At 3 WAT, asulam and dalapon treatments 
showed similar initial injury to itchgrass ranging from 43-52% (Table
2). Dalapon injury increased only slightly by the 6 WAT while control 
with 3.7 kg/ha asulam increased to 84%. The low levels of itchgrass 
control obtained with dalapon agrees with data by Millhollon (6) in 
which 6.7 kg/ha dalapon controlled 8-10 cm itchgrass but was ineffective 
with 18-23 cm plants. Tank mix treatments, generally showed more 
extensive visual injury at 3 WAT than individual applications. By 6 
WAT, tank mix applications provided between 91-100% control. Asulam at 
2.2 kg/ha plus dalapon at 4.5 kg and 3.7 kg asulam plus 2.2 to 4.5 kg/ha 
dalapon provided greater itchgrass control than the most successful 
individual treatment of 3.7 kg/ha asulam.
All herbicide treatments showed large live tissue (LT) weight 
reductions compared with the untreated control, indicating all 
treatments provided some level of injury. Asulam at 2.2 kg/ha and 
dalapon applications were the least effective in reducing LT. Plants
t
from the 3.7 kg/ha asulam treatment had the least amount of LT of all 
the individual treatments. Very little itchgrass LT remained by the 
6 WAT on plants treated with asulam/dalapon tank mixes. LT from tank 
mix treatments was equivalent to LT from plants treated with 3.7 kg/ha 
asulam. This coincides with results from injury ratings. There was no 
difference in the control obtained with tank mixes using 2.2 kg/ha 
asulam or 3.7 kg/ha asulam. The weight of dead tissue (DT) from dalapon
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Table 1. Contrasts of visual injury and biomass measurements on
itchgrass treated with asulam, dalapon, or asulam/dalapon tank mixes
averaged across all rates in greenhouse studies.
Visual Injury -----  Dry Weight ------
Treatment^ 3 WAT 6 WAT Dead Live Total
Tissue Tissue Weight
Asulam 48a 72b 2.56b 3.24c 5.80b
Dalapon 48a 56a 1.06a 6.34b 7.40c
Asulam + Dalapon 65b 96c 3.14c 0.49a 3.63a
Means followed by the same letter are not significantly different 
according to a priori contrasts at the 95% level of confidence, 
k Treatments include 0.5% nonionic surfactant.
Table 2. Visual injury and biomass measurements on itchgrass treated with asulam/dalapon
tank mix applications in greenhouse studies.
Treatment*5 Rate
3 WAT
Injury
6 WAT
Plant Tissue Weight0 
Dead Tissue Live Tissue
Asulamc
(kg/ha)
2.2 43f 59c
---------- (g)
2.45c 5.09b
Asulam 3.7 52def 84b 2 .66c 1.38c
Dalapon 2.2 52def 50d 1.22d 6.28b
Dalapon 3.4 46ef 58d 0.95d 6.60b
Dalapon 4.5 48ef 59d l.OOd 6.14b
Asulam + Dalapon 2.2 + 2.2 56cde 93ab 3.64ab 0.84c
Asulam + Dalapon 2.2 + 3.4 63bc 91ab 2.70c 0.80c
Asulam + Dalapon 2.2 + 4.5 76a 100a 2.79c 0.08c
Asulam + Dalapon 3.7 + 2.2 66abc 96a 2.67c 0.38c
Asulam + Dalapon 3.7 + 3.4 61bcd 96a 2.98bc 0.65c
Asulam + Dalapon 3.7 + 4.5 70ab 100a 4.06a 0.17c
Control 0g Oe 1.48d 16.42a
Means within a column followed by the same letter are not significantly different according to
the Duncan's multiple range test at the 95% level of probability.
k All herbicide applications include 0.5% nonionic surfactant, 
c Plants clipped at the soil level and tissue weight measurements taken 6 WAT.
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treatments was essentially equal that of the untreated control while 
asulam and asulam/dalapon tank mix treatments had substantially greater 
DT weights.
Seedling Johnsongrass Evaluations. Johnsongrass responded in a 
manner similar to itchgrass. Contrasts of treatments averaged across 
all rates showed asulam/dalapon tank mixes were the most efficacious 
treatments (Table 3). DT weights of tank mixes were equal to asulam 
treatments while LT weights were much less. This indicates that asulam 
treatments permitted johnsongrass growth after herbicide application 
which corresponds to regrowth tissue weight. Apparently, asulam alone 
is not as efficient in killing young rhizomes as tank mixes.
Johnsongrass treated with single applications of asulam or dalapon 
showed little injury at 3 WAT (Table 4). Injury was more pronounced by 
the 6 WAT. Dalapon provided 58-70% injury. Single dalapon applications 
have been reported to cause a temporary suppression of johnsongrass and 
not provide complete kill (9). Effect of growth suppression in this 
study can be observed from biomass measurements where DT is equivalent 
to the untreated control indicating little phytotoxic activity by 
dalapon. LT from dalapon treated johnsongrass was less than the 
control, but greater than 3.7 kg/ha asulam or tank mixes. This suggests 
that plants were suppressed, but resumed growth after a recovery period. 
The greatest injury obtained with an individual herbicide occurred with
3.7 kg/ha asulam (80%). Tank mix treatments of 2.2 kg/ha asulam plus 
4.5 kg/ha dalapon and 3.7 kg/ha asulam plus dalapon at 2.2 to 4.5 kg/ha 
showed greatest johnsongrass injury than the single applications at the 
3 WAT. At 6 WAT, 3.7 kg/ha asulam alone and tank mixes provided 
comparable control.
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Table 3. Contrasts of visual injury and biomass measurements on
johnsongrass treated with asulam, dalapon, or asulam/dalapon tank mixes
£
averaged across all rates in greenhouse studies.
Visual Injury ------------  Dry Weight-------------
Treatment'5 3 WAT 6 WAT Dead Live Total Regrowth
Tissue Tissue Weight Weight
--- % --- ------  (g)
Asulam 35a 76b 2 .66b 2.61b 5.27b 0.84b
Dalapon 44a 63a 1.71a 3.73b 5.44b o
00H
Asulam + Dalapon 62b 96c 3.07b 0.54a 3.31a 0.17a
Means followed by the same letter are not significantly different 
according to a priori contrasts at the 95% level of confidence, 
k All treatments include 0.5% nonionic surfactant.
Table 4. Visual Injury and Biomass measurements on johnsongrass treated with asulam/dalapon tank mix
g
applications in greenhouse studies.
Treatment^ Rate
3 WAT
Injury 
6 WAT
Plant 
Dead Tissue
Tissue Wt.C 
Live Tissue Regrowth^
. 7 ______vKg/na; SO --------------------------------------g —
Asulam 2.2 31d 73bc 2.61ab 3.33b 1.32abc
Asulam 3.7 39cd 80ab 2.70ab 1.89bc 0.36cd
Dalapon 2.2 46cd 58c 2.23abc 3.85b 1.05cd
Dalapon 3.4 37bc 60c 1.63cd 3.83b 2.30a
Dalapon 4.5 49c 70bc 1.28d 3.50b 2.17a
Asulam + Dalapon 2.2 + 2.2 43cd 95a 2.39abc 1.02c 0.27cd
Asulam + Dalapon 2.2 + 3.4 51bc 92a 2.58ab 0.87c 0.16d
Asulam + Dalapon 2.2 + 4.5 68a 92a 2.94a 0.73c 0.32cd
Asulam + Dalapon 3.7 + 2.2 68a 98a 2 .68ab 0.35c O.OOd
Asulam + Dalapon 3.7 + 3.4 65ab 98a 3.11a 0 .21c 0.27cd
Asulam + Dalapon 3.7 + 4.5 76a 100a 2.89a 0.08c O.OOd
Control Oe Od 1.81bcd 13.27a 1.93ab
Means within a column followed by the same letter are not significantly different according to
Duncan's new multiple range test at the 0.05 level of probability, 
k Treatments include 0.5% nonionic surfactant.
Plants clipped at the soil level and tissue weight measurements taken 6 wk after application. 
^Tissue weight taken 3 wk after clipping.
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LT weight of johnsongrass paralleled visual injury evaluations. 
Johnsongrass treated with 3.7 kg/ha asulam and all asulam/dalapon tank 
mix combinations showed little to no LT at 6 WAT. Greater LT weights, 
hence less control occurred with 2.2 kg/ha asulam or dalapon at 2.2, 3.4 
or 4.5 kg/ha. DT weight results did not follow recognizable trend. All 
treatments, with the exception of 3.4 kg/ha and 4.5 kg/ha dalapon had 
similar DT weights.
c--
Regrowth indicates that complete control of the target species was 
not achieved by the time the plants were clipped 6 WAT. Regrowth 
patterns were similar to tissue weight results. Applications which 
provided acceptable johnsongrass control (3.7 kg/ha asulam and all tank 
mixes) showed less regrowth than the untreated control while 2.2 kg/ha 
asulam and 2.2, 3.4, and 4.5 kg/ha dalapon all produced regrowth 
equivalent to the control. Complete control was obtained with tank 
mixes comprised of 3.7 kg/ha asulam and 2.2 or 4.5 kg/ha dalapon. 
Regrowth weights from these treatments were not different from 
treatments of 3.7 kg asulam and the remaining tank mixes. However, if 
regrowth had been allowed to grow for a longer period after clipping, 
additional differences between treatments most likely would have 
developed.
CONCLUSIONS
In greenhouse studies, itchgrass and seedling johnsongrass 
control assessed by visual and dry weight measurements illustrated 
the effectiveness of asulam/dalapon combinations. Tank mixes of 
asulam at 2.2 kg/ha plus dalapon at 2.2, 3.4, or 4.5 kg/ha provided 
itchgrass control equivalent to 3.7 kg/ha asulam. Although field 
studies are needed to further clarify these results, the potential for
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more economic alternatives for johnsongrass and itchgrass are clearly 
indicated. Current recommendations for control of these weeds entail 
applications of asulam at 3.7 kg/ha. These results indicated that 
equivalent control may be obtained using 2.2 kg/ha asulam plus 2.2 kg/ha 
dalapon. In fact, combined analysis indicated that tank mixes were more 
effective in controlling these species than the herbicides applied 
alone.
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MANUSCRIPT
PERFORMANCE OF ASULAM/DALAPON COMBINATIONS ON ITCHGRASS1 
BARBARA J. HOOK AND LYNN M. KITCHEN2 
Abstract. Studies were conducted on noncropland sites in 1983 and 1984 
1984 comparing the activity of single asulam [(methyl[4-aminophenyl) 
sulfonyl]carbmate] and dalapon (2 ,2-dichloropropionic acid) applications 
with asulam/dalapon tank mixes and sequential treatments on itchgrass
3
(Rottboellia exaltata L.f. # ROTEX) to establish a practical itchgrass 
management program in Louisiana sugarcane (Saccharum interspecific 
hybrids). Visual evaluations were taken 4 and 8 wk after application. 
Itchgrass height, stem number, seedhead number and biomass were recorded 
at 12 wk. Single rates of 2.2 to 4.5 kg/ha dalapon and 2.2 kg/ha asulam 
were the least effective treatments, due primarily to high amounts of 
regrowth. Asulam/dalapon tank mixes and sequential treatments provided 
88-98% control in 1983 and 91-100% injury with 3-35% regrowth in 1984. 
This control was comparable to or greater than control obtained with the 
recommended itchgrass treatment of 3.7 kg/ha asulam. A tank mix of 2.2 
kg/ha asulam plus 3.4 or 4.5 kg/ha dalapon was the most economic and 
effective treatment for control of itchgrass up to 30 cm tall.
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INTRODUCTION
Itchgrass is a major weed in south Louisiana. Since its 
introduction in the late 1920's, itchgrass has progressively spread 
northward from the sugarcane growing areas of the state and has been 
reported in other row crops both in Louisiana and other southern 
states (8,14). In 1974 a Federal Noxious Weed Act was passed, 
declaring itchgrass a noxious weed in an attempt to prevent further 
spread of itchgrass in the southern U.S.
Eradication of itchgrass is not feasible since under proper 
conditions, the seeds germinate throughout the growing season (8).
Trifluralin [2,6-dinitro-N,N-dipropyl-4-(trifluoromethyl)benzenamine] 
is the only available preemergence herbicide for itchgrass control in 
sugarcane. Trifluralin maintains acceptable itchgrass control for 
appoximately 60 days after application while itchgrass seedlings 
continue to emerge throughout the season (7,11). In addition, 
trifluralin must be soil incorporated which is often difficult in 
stubble cane. In Baton Rouge, Louisiana, trifluralin provided only 
38% itchgrass control in soybeans by the end of the growing season
f
(13). Plots treated with trifluralin contained 90% less itchgrass than 
the untreated control plots, but surviving plants had greater biomass, 
tillers, branches and seeds.
Millhollon (8) reported 90% or greater control of 8-10 cm itch­
grass using postemergence applications of DSMA (disodium salt of 
methylarsonic acid), dalapon, diuron [N'-(3,4-dichlorophenyl)-N,N- 
dimethylurea], bromacil [5-bromo-6-methyl-3-(l-methylpropyl)], or a
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combination of TCA (trichloroacetic acid), silvex [2-(2,4,5- 
trichlorophenoxy)propanoic acid] and dalapon. When most plants were 
greater than 18 cm tall, only DSMA maintained a high level of control. 
Although arsenicals such as MSMA (monosodium salt of methylarsonic 
acid) and DSMA are capable of providing good itchgrass control, these 
herbicides are not labelled for use in Louisiana sugarcane (7).
Asulam (methyl [(4-aminophenyl) sulfonyl]carbamate) at 3.7 kg/ha 
provided acceptable control of itchgrass plants not less than 15 cm 
high (1).
Asulam/dalapon mixtures have been used to increase the weed 
spectrum and the level of control obtained with asulam or dalapon 
alone (3,15). A dalapon application followed 3 to 5 weeks later by 
asulam is recommended for control of 0-25 cm itchgrass (1).
Greenhouse studies indicated that excellent control of itchgrass was 
possible using a tank mix application of 2.2 kg/ha asulam plus 2.2 
kg/ha dalapon (4). Control with the tank mix was equivalent to that 
obtained with asulam alone. The possibility of controlling itchgrass 
with reduced rates of asulam and dalapon appeared feasible from these 
data. The objective of this study was to compare the activity of 
single applications of asulam and dalapon with combination treatments 
applied as tank mixes or sequential applications and to develop a more 
economic itchgrass management program for sugarcane growers.
MATERIALS AND METHODS
1983 Study. The 1983 study was located in Breaux Bridge, 
Louisiana on a Sharkey clay (very fine montmorillonitic, nonacid, 
thermic, Vertic Haplaquepts, pH of 6.5 and 0.7% O.M). Plots were 2.1 
m wide x 6.1 m long. Asulam and dalapon were applied as single
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treatments, tank mixes and sequential treatments. Herbicide rates for 
the tank mix applications consisted of asulam at 0, 2.2 or 3.7 kg/ha 
plus dalapon at 0, 2.2, 3.4 or 4.5 kg/ha. Sequential treatments 
included 3.4 kg/ha dalapon followed 1, 2 or 3 weeks later by 3.7 kg/ha 
asulam. All treatments were applied either early postemergence (EP) 
when the itchgrass was 10-15 cm tall, with 3-4 collars or late 
postemergence (LP) when the itchgrass was 13-18 cm tall with 4-6 
collars. All treatments included 0.5% (v/v) nonionic surfactant —  ^
(aklyarylpolyoxetheylene glycols, free fatty acids and isopropanol) 
and were applied using a (X>2 pressurized backpack sprayer (200 L/ha at 
207 kPa). Itchgrass injury was visually estimated 6 wk after the 
final herbicide treatment (WAT).
1984 Studies. In 1984, tank mix and sequential applications were 
compared in two separate studies at Burden Research Plantation, Baton 
Rouge, Louisiana on an Olivier silt loam (fine-silty, mixed, thermic, 
Aquic Fraguidalfs; pH 6.9 and 1.3% O.M). Plots were 1.0 m x 6.1 m and
3.7 m x 6.1 m for the tank mix and sequential treatment studies, 
respectively. Itchgrass was treated at 2-4 collars, 9-30 cm tall. 
Herbicide rates for the tank mix study were asulam at 0, 2.2, 3.4,
3.7, and 4.5 kg/ha and dalapon at 0, 2.2, 3.4, and 4.5 kg/ha. 
Sequential treatments consisted of 2.2 and 3.7 kg/ha asulam and 2.2, 
3.4, and 4.5 kg/ha dalapon. Sequences included dalapon or asulam 
followed 0, 1, 2, or 3 weeks later by dalapon or asulam. All 
treatments included 0.5% (v/v) nonionic surfactant.
—  ^X-77. Chevron Chemical Company, Ortho Division, Richmond, 
California.
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Itchgrass control was visually estimated 4 and 8 WAT. Ratings 
consisted of: (1) percent injury, an estimate of phytotoxicity, and
(2) percent regrowth, an estimate of the percent of treated plants 
which produced new growth.
Five plants in each plot were tagged after herbicide application. 
Twelve weeks after treatment, individual plant height (measured from 
the soil surface to the uppermost collar), number of shoots (at ground 
level to 30 cm high), number of seedheads, and standing crop (clipped 
at the soil surface and dried in a forced air oven at 80 C for 48 hr) 
was evaluated.
All studies were set up as randomized block designs with 4 
replications. Treatment means were separated using Duncan’s new 
multiple range test at the 95% level of confidence. A priori 
contrasts were also conducted to provide information on specific 
comparisons. In this paper, referral to asulam/dalapon combinations 
includes tank mix and sequential applications and the term control 
refers to the combined effect of plant injury and regrowth.
RESULTS AND DISCUSSION
1983 Study. In 1983, the itchgrass location was in a field where 
the soil was inundated at all spraying dates. Plants were partially 
immersed on several occasions. Although itchgrass continued to 
produce additional collars (leaves) by the LP application, height 
increased only 3-8 cm. Contrasts comparing 1983 EP to LP treatments 
across all rates indicated that time of application was not a critical 
factor of itchgrass control (Table 1). When contrasted across both 
treatment times, single applications of asulam or dalapon provided 67
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Table 1. Contrasts for asulam, dalapon and asulam/dalapon combinations 
averaged across all rates and treatments on itchgrass in Breaux 
Bridge, Louisiana in 1983.3
Time of Application Injury
Early Postemergence 84a
Late Postemergence 88a
Means followed by the same letter are not significantly
different according to a priori contrast at the 95% level of
confidence.
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to 73% control, while asulam/dalapon tank mixes or sequential 
applications provided 94-95% control (Table 2).
Individual herbicide applications, tank mixes and sequential 
treatments provided 56-78%, 88-99% and 90-99% injury, respectively 
with both EP and LP applications (Table 3). Asulam at 2.2 kg/ha tank 
mixed with any rate of dalapon was as effective as 3.7 kg/ha asulam 
applied alone. Since tank mixes provided excellent itchgrass control 
sequential applications did not provide any additional improvement.
1984 Tank Mix Study. When averaged across all rates, dalapon 
alone was the least effective treatment in 1984 (Table 4). Tank mix 
applications provided much greater itchgrass injury than asulam or 
dalapon applied alone. The greatest regrowth was observed on plants 
treated with dalapon and the least regrowth on plants treated with 
asulam/dalapon tank mixes. The combination of extensive plant injury 
plus low regrowth resulted in excellent itchgrass control with the 
asulam/dalapon tank mixes. Tank mix treatments resulted in a greater 
reduction in itchgrass weight, height, and shoot number compared with 
asulam or dalapon applied alone by 12 WAT. Very few plants treated 
with tank mixes or dalapon alone successfully produced seedheads.
Itchgrass injury and regrowth was not easily observed at 4 WAT 
due to the slow action of both herbicides tested (Table 5). At 8 WAT, 
injury with single treatments ranged from 38-80%. The greatest 
control with single herbicide applications was obtained with asulam at
3.7 or 4.5 kg/ha. All tank mixes were extremely effective and 
provided 91-100% injury. This was comparable to or greater than 
injury from asulam alone at 3.7 kg/ha. Weed control with tank mixes 
containing 3.4 to 4.5 kg/ha asulam did not provide additional control
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Table 2. Contrasts for asulam, dalapon and asulam/dalapon combinations 
averaged across all treatment times and herbicide rates on itchgrass
g
at Breaux Bridge, Louisiana in 1983.
Type of Application^ Injury
Asulam 73a
Dalapon 67a
Asulam/Dalapon Tank Mix 94a
Dalapon/Asulam Sequence 95a
Means followed by the same letter are not significnatly different
according to a priori contrasts at the 95% level of confidence.
b 1
All treatments include 0.5% nonionic surfactant.
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Table 3. Visual evaluation of itchgrass treated with asulam, dalapon
or asulam/dalapon combinations at Breaux Bridge, Louisiana, in 1983.a
Treatment*5 Sequence
Interval
Rate Timing0
6 WAT 
Injury
(kg/ha) —  % —
Asulam 2.2 EP 74ef
Asulam 3.7 EP 78b-f
Dalapon 2.2 EP 68fg
Dalapon 3.4 EP 56g
Dalapon 4.5 EP 69fg
Dalapon + Asulam 2.2 + 2.2 EP 88a-e
Dalapon + Asulam 2.2 + 3.7 EP 93ab
Dalapon + Asulam 3.4 + 2.2 EP 90a-e
Dalapon + Asulam 3.4 + 3.7 EP 95ab
Dalapon + Asulam 4.5 + 2.2 EP 88a-e
Dalapon + Asulam 4.5 + 3.7 EP 91a-d
Dalapon + Asulam 1 Wk 3.4 + 3.7 EP 92abc
Dalapon + Asulam 2 Wk 3.4 + 3.7 EP 90a-e
Dalapon + Asulam 3 Wk 3.4 + 3.7 EP 98a
Asulam 2.2 LP 64fg
Asulam 3.7 LP 77c-f
Dalapon 2.2 LP 68def
Dalapon 3.4 LP 67fgh
Dalapon 4.5 LP 75d-g
Dalapon + Asulam 2.2 + 2.2 LP 99a
Dalapon + Asulam 2.2 + 3.7 LP 99a
Dalapon + Asulam 3.4 + 2.2 LP 93ab
Dalapon + Asulam 3.4 + 3.7 LP 99a
Dalapon + Asulam 4.5 + 2.2 LP 98a
Dalapon + Asulam 4.5 + 3.7 LP 99a
Dalapon + Asulam 1 Wk 3.4 + 3.7 LP 94ab
Dalapon + Asulam 2 Wk 3.4 + 3.7 LP 99a
Dalapon + Asulam 3 Wk 3.4 + 3.7 LP 95a
Means followed by the same letter are not significantly different 
according to Duncan's new multiple rate test at the 95% level of 
confidence.
k All treatments include 0.5% nonionic surfactant.
Growth stage of itchgrass at early postemergence application (EP) 
was 3-4 collars, 10-15 cm high;late postemergence (LP) 4-6 collars, 
13-18 cm high.
Table 4. Contrasts for asulam, dalapon and asulam/dalapon tank mix treatments on itchgrass averaged 
across all rates at the Burden Research Plantation, Baton Rouge, Louisiana in 1984.
-------8 W A T -----  ------ :--------12 WATb -------------
Number Number
cTreatment Injury Regrowth Weight Height Stems Seedheads
---- % ----- (g) (cm)
Asulam 65b 34a 8 .2a 80.3a 2 .8b 4.4a
Dalapon 53a 82b 7.0a 29.9b 11.2a 0.3b
Asulam + Dalapon 97c 8c 1.1b 8.9c 0 .6c 0.3b
Means within a column followed by the same letter are not significantly different according to 
a priori contrasts at the 95%
level of confidence.
b Measurements are an average of 5 plants per plot, or 20 total plants.
c
All treatments include 0.5% nonionic surfactant.
Table 5. Visual evaluation and individual attributes of itchgrass treated with asulam, dalapcn and 
asulam/dalapon tank mixes at the Burden Research Plantation, Baton Rouge, Louisiana in 1984.-
 4 W A T    8 W A T     12 WATb -----
^ Rate Stem Seedhead
Treatment (kg/ha) Injury Regrowth Injury Regrowth Weight Height Number Number
-------------- Z -------- ------ (8) (cm)
Untreated Control Of Ob Of Of 14.3a 188.1a 1.2c 13.0a
Asulam 2.2 21cde 33a 38e 18bcd 11.5ab 137.2b 2.6c 5.8bc
Asulam 3.4 20cde 5b 63cd 33bcd 10.7ab 88.5c 3.6c 6.9b
Asulam 3.7 19de Ob 79bc 40b 7.0bc 67.3cd 2.1c 4.0c
Asulam 4.5 20cde Ob 80abc 43b 3.4cde 28.0def 3.0c 0.9d
Dalapon 2.2 lief 15ab 45de 88a 10.9ab 4 L.3def 14.9a 0.8d
Dalapon 3.4 19de 5b 55de 84a 4.6cde 25.Oef 9.2b O.Od
Dalapon 4.5 14def 18ab 58d 73a 5.4cde 23.4ef 9.5b 0.2d
Asulam + Dalapon 2.2 + 2.2 28b-e Ob 93ab 35bc 5.6cd 49.5de 1.3c 1.2d
Asulam + Dalapon 2.2 + 3.4 29a-e 3b 99ab 3e 0.3e 2.8f 0.2c O.Od
Asulam + Dalapon 2.2 + 4.5 44ab lb 99ab 3e 1.7de 6.8ef 0.4c l.Od
Asulam + Dalapon 3.4 + 2.2 25b-e 3b 96ab 9cde 1.4de 12.lef 0.8c 0.4d
Asulam + Dalapon 3.4 + 3.4 40abc lb 91ab 9cde 1.5de 10.6ef 2.7c O.Od
Asulam + Dalapon 3.4 + 4.5 34a-d Ob 97ab 8de 0.6de 5.4ef 0.3c 0. Id
Asulam + Dalapon 3.7 + 2.2 25b-e Ob 96ab 16b-e 1 .Ode 13.Oef 0.8c 0.2d
Asulam + Dalapon 3.7 + 3.4 28b-e Ob 100a 3e O.Oe O.Of 0.0c O.Od
Asulam + Dalapon 3.7 + 4.5 48a Ob 99ab 3e O.le 1.5f 0. lc O.Od
Asulam + Dalapon 4.5 + 2.2 33a-d Ob 99ab 5de 0.2e 3.If 0. lc O.Od
Asulam + Dalapon 4.5 + 3.4 26b-e Ob 99ab Oe 0.2e 1.9f 0.2c O.Od
Asulam + Dalapon 4.5 + 4.5 34a-d Ob 100a Oe O.Oe O.Of 0.0c O.Od
a Treatments within a column followed by the same letter are not significantly different according to
Dungan's new multiple range test.
. Measurements are an average of 5 plants per plot or 20 total plants, 
j All treatments include 0.5Z nonionic surfactant.
Itchgrass was treated at the 2-4 collar stage, 9-30 cm tall.
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since excellent control occurred with tank mixes using 2.2 kg/ha 
asulam.
Dalapon treatments permitted the greatest amount of itchgrass 
regrowth ranging from 73-88%. Asulam applications were associated 
with less regrowth than dalapon while tank mix treatments resulted in 
the greatest reduction in regrowth (0-35%). Tank mixes using 3.4 or 
4.5 kg/ha dalapon appeared more consistant at preventing regrowth than
2.2 kg/ha dalapon.
All tank mixes with the exception of 2.2 kg/ha asulam plus 2.2 
kg/ha dalapon reduced itchgrass weight and height equivalent to 3.7 
and 4.5 kg/ha asulam or 3.4 or 4.5 kg/ha dalapon. Asulam and tank 
mixes did not reduce stem number from the untreated control. Dalapon 
treatments resulted in a significant increase in the number of stems 
produced per plant. Shoot number ranged from 9.2 to 14.9 for dalapon 
applied at 3.4 and 2.2 kg/ha, respectively. Shoot proliferation is 
common in susceptible grass species treated with dalapon (12).
Although a large number of shoots develop, plant growth is often 
severely stunted (5,12) which agrees with results in this study where 
plant height was 25-41 cm, 1/12 the height of untreated plants, and 
produced few to no seedheads.
Itchgrass treated with asulam at rates less than 4.7 kg/ha showed 
the least reduction in height compared with other herbicide treat­
ments. Plants partially recovered after treatment and attained 
heights of 67 to 167 cm with 4 to 7 seedheads per plant. With 
prolific weeds such as itchgrass, it is essential to eliminate further 
seed production by completly killing the plant or inhibiting seedhead 
development.
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Effective control of itchgrass using asulam/dalapon tank mixes 
was exemplified both with visual evaluation and plant measurements. 
Tank mixes comprised of asulam plus 3.4 or 4.5 kg/ha dalapon gave 
excellent control and often eliminated seedhead formation entirely. 
These results agree with data from greenhouse studies (4) which 
demonstrated control with asulam/dalapon tank mixes was comparable to 
or greater than control with a single treatment of 3.7 kg/ha asulam 
when applied to 18-24 cm plants.
1984 Sequential Study. When averaged across all rates, itchgrass 
control was not influenced by sequence time interval (Table 6). 
Excellent control was obtained whether herbicide treatments were 
spaced several minutes (0 wk) or 3 wk apart. In addition, treatments 
averaged over all application intervals showed excellent control
regardless of whether the treatment was asulam/asulam,
dalapon/dalapon, or dalapon/asulam (Table 7).
Itchgrass injury at 4 WAT evaluation ranged from 30-100%
(Table 8). In most cases, higher levels of control were observed with 
sequential treatments compared to single applications. This would 
seem logical since a greater amount of herbicide had been applied to 
plots treated with sequences, causing greater phytotoxicity.
All sequential applications provided excellent itchgrass control 
at the 8 WAT. There was no advantage in using sequences greater than
the 0 wk treatment. Regrowth with sequential treatments tended to be
equal to 3.7 kg/ha asulam. Dalapon alone induced the greatest 
regrowth of all treatments tested, which coincides with results from 
tank mix studies.
Table 6 . Contrasts for asulam/asulam, dalapon/dalapon and asulam/asulatn sequential treatments on 
itchgrass averaged across all treatments and rates at Burden Research Plantation, Baton Rouge, 
Louisiana in 1984.a
Treatment
— --- 8
Injury
W A T ------
Regrowth Weight
----- 12
Height
WATb ---
Stem
Number
Seedhead
Number
% ------ (g) (cm)
0 Week Sequence 92a 10a 0 .8a 13.7a 0 .8a 0.3a
1 Week Sequence 98a 6a 0 .5a 7.7a 0 .8a 0 .2a
2 Week Sequence 99a 4a 0.4a 4.9a 0.5a 0 .0a
3 Week Sequence 99a 3a 0.3a 2 .6a 0 .2a 0 .0a
Treatment means followed by the same letter are not significantly different according to a 
priori contrasts the 95% level of confidence.
Measurements are an average of 5 plants per plot in two locations,or C total plants.
Table 7. Contrasts for dalapon/asulam, dalapon/dalapon, and asulam/asulam sequential treatments on 
itchgrass averaged across all rates and sequence intervals at Burden Research Plantation, Baton 
Rouge, Louisiana in 1984.
Treatment Injury
8 W A T -----
Regrowth Weight Height
WATb —  
Stem 
Number
Seedhead
Number
-  % ------ (g) (cm)
Dalapon/Asulam Sequence 97a 7a 0 .8a 10.4a 0.7a 0 .1a
Dalapon/Dalapon Sequence 97a 8a 0.4a 7.0a 0.7a 0 .1a
Asulam/Asulam Sequence 95a la 0 .0a 1.1a 0 .1b 0 .1a
0
Treatment means followed by the same letter are not significantly different according to a 
priori contrasts at the 95% level of confidence.
b Measurements are an average of 5 plants per plot or 20 total plants.
Table 8 . Visual evaluations and individual attributes of itchgrass treated with asulam/asulam, dalapon/dalapon and 
dalapon/asulam sequential treatments at Burden Research Planatation, Baton Rouge, Louisiana in 1984c'
cdTreatment
Sequence
Internal
Rate
Injury
W A T ----
Regrowth
----8
Injury
W A T ----
Regrowth Weight Height
12 WATb - 
Stem 
Number
Seedhead
Number
(kg/ha) ------ --------- Z ----- ------ (8) (cm)
Untreated Control Of Od Od 0c 8.0a 173.2a 1.4abc 9.2a
Asulam 2.2 46de 60a 31c 30b 4.6b 93.4b • 1.Obc 4.5b
Asulam 3.7 59cd 14bcd 75b 0c 1.4cd 40.6c 0.3bc 1.7c
Dalapon 3.4 30e 45ab 85ab 61a 3.5bc 48.0c 2.5a 1.2c
Dalapon + Asulam 0 Wk 2.2 + 3.4 78abc 26bcd 94ab 15bc 2.0cd 27.4c 1. Sab 0.3c
Dalapon + Asulam 1 Wk 2.2 + 3.4 45de 41abc 95ab llbc 0.7d 11.6c l.lbc 0.2c
Dalapon + Asulam 2 Wk 2.2 + 3.4 91ab 23bcd 98a 3a 0.6d 7. 3c 0. 7bc 0.0c
Dalapon + Asulam . 3 Wk 2.2 + 3.4 93ab 19bcd 96ab 13bc l.Ocd 10.4c 0.7bc 0.1c
Dalapon + Asulam 0 Wk 3.7 + 3.4 89ab Id 100a 0c O.Od 0.0c 0.0c 0.0c-
Dalapon + Asulam 1 Wk 3.7 + 3.4 41de lOcd 97ab 9c 1.2cd 17. 7c 1.2abc 0.4c
Dalapon + Asulam 2 Wk 3.7 + 3.4 96a 15bcd 99a 5c 0.6d 9.0c 0.4bc 0. lc
Dalapon + Asulam 3 Wk 3.7 + 3.4 98a 9cd 100a 0c O.Od 0.0c 0.0c 0.0c
Asulam + Asulam 0 Wk 3.7 + 3.7 59cd Od 8 lab 4c 0. Id 4. 2c 0.2c 0.5c
Asulam + Asulam 1 Wk 3.7 + 3.7 71bc id 100a 0c O.Od 0.0c 0.0c 0.0c
Asulam + Asulam 2 Wk 3.7 + 3.7 100a Od 100a 0c O.Od 0.0c 0.0c 0.0c
Asulam + Asulam 3 Wk 3.7 + 3.7 99a 2d 100a 0c O.Od 0.0c 0.0c 0.0c
Dalapon + Dalapon 0 Uk 3.4 + 3.4 80abc 13cd 92ab 20bc 1.2cd 23.3c l.Obc 0.2c
Dalapon 4- Dalapon 1 Wk 3.4 + 3.4 88ab 3d 99a 3c 0. Id 1.3c 0.7bc 0.0c
Dalapon + Dalapon 2 Wk 3.4 + 3.4 95a lied 98a 9c 0.2d 3.3c 0.9bc 0.0c
Dalapon + Dalapon 3 Wk 3.4 + 3.4 98a 8d 100a 0c O.Od 0.0c 0.0c 0.0c
3 Treatment means within the same column followed by the same letter are not significantly different according to 
Dungan's new multiple range test at the 95Z level of confidence.
Measurements are an average of 5 plants per plot, or 20 total plants.
^ All treatments include 0.5Z nonionic surfactant.
Itchgrass treated at the 2-4 collars stage, 9-30 cm.
53
Individual plant measurements reflected no difference between any 
of the sequential applications. Itchgrass dry weight, height and 
seedhead number all remained relatively constant between sequential 
treatments, dalapon alone, or 3.7 kg/ha asulam. The lower rate of 2.2 
kg/ha asulam, showed greater weight, height and seedhead number than 
all other herbicide treatments which again agrees with the response of 
single applications observed in tank mix studies.
Asulam/asulam sequential treatments, although successful would be 
very costly to the farmer. Similar results were observed with 
johnsongrass where two asulam applications of 3.4 or 4.5 kg/ha spaced 
8 weeks apart provided good control (10). Dalapon/dalapon treatments 
also gave excellent control. Previous studies have shown that dalapon 
applied in split applications tends to provide more thorough control 
compared with the same rate applied in a single application (2,5). 
Dalapon sequential treatments would be economical as well as effective 
for itchgrass control in a noncropland situation. However, the total 
rate of 6.8 kg/ha dalapon would most likely cause sugarcane injury. 
Various cultivars showed stunting and yield reductions when treated 
with 5 kg/ha or greater of dalapon (6,9). Also, dalapon treatment 
after mid-May is not recommended since sugarcane injury is likely to 
occur (1).
Results from studies conducted in 1983 and 1984 indicate that 
excellent postemergence itchgrass control is possible using 
asulam/dalapon combinations. Sequential applications provided results 
comparable with tank mixes. Since there is no benefit in applying 
split applications, tank mix treatments would be preferable.
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An asulam/dalapon tank mix composed of 2.2 kg/ha asulam plus 3.4 
or 4.5 kg/ha dalapon provided greater itchgrass injury along with less 
regrowth than the currently recommended rate of 3.7 kg/ha asulam.
Tank mix treatments can be beneficial to the sugarcane grower for a 
number of reasons: Tank mix rates proposed from these studies are
reduced from current recomendations which suggest 3.7 kg/ha asulam 
plus 6.7 kg/ha dalapon for control of itchgrass up to 25 cm high. A 
tank mix of 2.2 kg/ha asulam plus 3.4 or 4.5 kg/ha dalapon reduces the 
amount of asulam applied by 40%, allowing for lower application costs. 
Since less herbicide applied in the tank mix of 2.2 kg/ha asulam plus 
dalapon, there is less chance of causing sugarcane injury and yield 
reductions due to phytoxicity.
Asulam/dalapon tank mix applications provide the postemergence 
activity necessary for an effective itchgrass management program, 
while also being economically feasible. Additional studies are 
anticipated to review sugarcane varietal response to the tank mixes to 
assure that these treatments will be safe on the widely grown 
sugarcane cultivars in Louisiana.
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MANUSCRIPT
ASULAM/DALAPON COMBINATIONS FOR JOHNSONGRASS CONTROL IN SUGARCANE1
BARBARA J. HOOK AND LYNN M. KITCHEN2
Abstract. Field studies were conducted in 1983 and 1984 in sugarcane 
(Saccharum interspecific cv. 'CP 65-357') and noncropland in Rougon 
and Baton Rouge, Louisiana examining rhizome johnsongrass control with 
asulam [methyl[4-aminophenyl)sulfonyl]carbamate], dalapon (2,2- 
dichloropropionic acid) and asulam/dalapon combinations. Herbicide 
combinations included tank mixes and sequential treatments. All 
herbicide treatments were more efficacious when applied to
3
johnsongrass [Sorghum halepense (L.) Pers. # SORHA] less than 45 cm 
tall. Single applications of 2.2 to 4.5 kg/ha dalapon were 
ineffective in providing johnsongrass control. Asulam rates of 3.4 
kg/ha or greater provided satisfactory control (83-97% injury). 
Application of 2.2 kg/ha asulam plus 2.2 to 4.5 kg/ha dalapon provided 
the same level of control as a single application of 3.4 kg/ha asulam. 
Efficacy of tank mixes did not increase when asulam rates were 
increased above 2.2 kg/ha. Dalapon/asulam, dalapon/dalapon, and
1 Received for publication _________ and in revised form ________ .
2
Grad. Res. Asst, and Assoc. Prof., respectively, Plant Path, and
Crop Phys. Dept., LA State Univ. Agric. Center, Baton Rouge, LA
70803.
3
Letters following this symbol are a WSSA-approved computer code 
from Impt. Weeds of the World, 3rd ed., 1983. Available from WSSA,
309 West Clark St., Champaign, IL 61802.
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dalapon, and asulam/asulam sequences spaced 0, 1, 2, or 3 weeks apart 
all provided excellent johnsongrass control. Regrowth increased as 
sequencelnterval increased with dalapon/asulam applications.
Regrowth decreased as sequence interval increased with dalapon/ 
dalapon applications. Tank mixes of 2.2 kg/ha asulam plus 3.4 or 4.5 
kg/ha dalapon provide efficient johnsongrass control while reducing 
asulam rates from present recommended levels.
Additional Index Words. Asulam, dalapon, tank mix, sequential 
applications, sorghum halepense, saccharum spp., SORHA.
INTRODUCTION
Johnsongrass is considered to be the major weed problem in 
Louisiana sugarcane (5,8,12). Once established within the cane row 
eradication of johnsongrass is difficult. Johnsongrass is normally 
not a problem in plant cane. However, weed populations increase 
significantly in the first and second stubble crops and often cause 
yield reductions of 25-50% (5,9).
Preemergence treatments of fenac (2,3,6-trichlorobenzeneacetic 
acid), terbacil [5-chloro-3-(1,1-dimethylethyl)-6-methyl-2,4(1H,3H) 
pyrimidinedione], metribuzin [4-amino-6-tert-butyl-3-(methylthio)-as- 
triazin-5(4H)-one], and trifluralin [2,6-dinitro-N,N-dipropyl-4- 
(trifluoromethyl)benzenamine] are used for seedling johnsongrass 
control in Louisiana (1,8,9,13,15). Postemergence applications are 
necessary when seedling and rhizome johnsongrass escape preemergence 
treatments.
MSMA (monosodium salt of methylarsonic acid) is a postemergence 
herbicide capable of providing excellent seedling and rhizome 
johnsongrass control in sugarcane (11,15). Millhollon (15) found
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MSMA to provide more effective postemergence control of rhizome 
johnsongrass than asulam or dalapon. However, this and other organic 
arsenicals are not labelled for use in sugarcane in the U.S. (11).
Two postemergence herbicides labelled in sugarcane are asulam 
and dalapon. Due to the sensitivity of a number of cultivars to 
dalapon rates of 5 kg/ha and higher, therefore, a rate of 4.5 kg/ha 
dalapon is suggested in sugarcane (6,9). Dalapon at 4.5 kg/ha often 
does not provide complete kill of johnsongrass plants, but causes 
only temporary growth inhibitions (12). McWhorter (7) investigated 
the activity of 11.2 kg/ha dalapon for control of 55 ecotypes of 
rhizome johnsongrass. An ecotype from Baton Rouge, Louisiana was the 
most tolerant to this application, possibly due to artificial 
selection pressure by the repeated usage of dalapon for johnsongrass 
control in this area. Control of perennial grasses such as 
johnsongrass, bermudagrass [Cynodon dactylon (L.) Pers.], and 
quackgrass [Agropyron repens (L.) Pers.] is more successful using 2-3 
dalapon applications compared with one single application (2,4). In 
sugarcane, applications of dalapon after mid-May (when a second 
herbicide application would be necessary) is likely to cause cane 
injury (1). Millhollon (11) reported two applications of 4.5 kg/ha 
dalapon, spaced 4 wk apart provided unacceptable johnsongrass control 
(69%) and reduced sugar yield equivalent to the untreated check (11). 
The time of the second postemergence application occurred during the 
period of rapid stalk growth when stalk growth inhibition had its 
greatest effect on yield (11).
Depending of the infestation, 1-2 applications of 3.7 or 4.5 
kg/ha asulam provides good johnsongrass control with no yield losses
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(1,12). The use of asulam/dalapon combinations, whether tank mixes 
or sequential treatments, have shown potential in providing control 
of problem grasses. Millhollon (12) treated johnsongrass with 5 
kg/ha dalapon followed 8 weeks later with 4.5 kg/ha asulam. This 
treatment provided control and sugar yields equivalent to a single 
application of 4.5 kg/ha asulam. Greenhouse studies conducted under 
conditions of high humidity showed that a formulated mixture of 
asulam and dalapon —  ^controlled the perennial rhizomatous grass, 
alang-alang [Imperata cylindrica (L.) Pers.], more effectively than 
single asulam or dalapon treatments (16). In greenhouse studies, 
tank mix treatments of 2.2 kg/ha asulam plus 2.2 to 4.5 kg/ha dalapon 
controlled itchgrass and seedling johnsongrass as well as the 
recommended single asulam rate of 3.7 kg/ha (3). Currently, a 
sequential treatment of 6.0 kg/ha dalapon followed 3-6 weeks later 
with 3.7 kg/ha asulam is recommended for johnsongrass control in 
sugarcane (1).
The objectives of this study were to compare the activity of 
asulam and dalapon treatments with tank mixes or sequential 
treatments to derive a practical and economical treatment for rhizome 
johnsongrass control in sugarcane.
MATERIALS AND METHODS 
1983 Locations. Two johnsongrass locations were selected in 1983.
One study, conducted in sugarcane (cv. CP 65-357) was located at Alma 
Plantation, in Rougon, Louisiana on a Commerce silt loam (fine-silty,
— ARD 13/30 (65% w/w s.p. asulam + dalapon), May & Baker Ltd. 
Essex, England.
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mixed, nonacid, thermic, Aerie Fluvaquents) with a pH 5.2, and 0.9%
O.M. Plot size was 3 rows (5.5 m) x 15.2 m. The second study was
conducted in noncropland located at Ben Hur Research Farm, on a Mhoon
silty clay loam (fine-silty, mixed, nonacid, thermic, Vertic
Haplaquepts; pH 5.0, 1.7 OM). Plots were 2.1 m wide x 6.7 m long.
Asulam and dalapon were applied as single treatments, tank mixes
and sequential treatments. Herbicide rates for tank mix applications
consisted of asulam at 0, 2.2 or 3.7 kg/ha plus dalapon at 0, 2.2,
3.4, or 4.5 kg/ha. Sequential treatments were comprised of 3.4 kg/ha
dalapon applied initially followed 1, 2 or 3 weeks later by 3.7 kg/ha
asulam. All treatments were applied either early postemergence (EP)
when the johnsongrass was at the 4-6 collar stage and 30-45 cm high
(cane 3-5 collars, 64-70 cm), or late postemergence (LP) when
johnsongrass was 5-8 collars and 45-60 cm high (cane 3-6 collars,
2 /
76-89 cm). All treatments included 0.5% nonionic surfactant — 
(aklyarylpolyoxetheylene glycols, free fatty acids, and isopropanol) 
and were applied using a pressurized backpack sprayer (200 L/ha, 
207 kPa).
Johnsongrass control was visually estimated 3 and 6 wk after the
final herbicide treatment (WAT). Ratings consisted of percent injury
1
(estimate of phytotoxicity) and percent regrowth (estimate of the 
percent of treated plants which produced new growth).
1984 Locations. Tank mix and sequential treatments were divided 
into separate studies, each of which was conducted in two locations.
2 /— X-77. Chevron Chemical Company, Ortho Division, Richmond, 
California.
63
In addition a rate response study (1 location) was designed to 
determine the optimum individual herbicide treatments for control of 
rhizome johnsongrass. All johnsongrass studies were set up on 
noncropland areas with Mhoon silty clay loam, (pH 6.4, 1.7% OM). 
Treatment areas were overlayed with 3.4 kg/ha atrazine [6-chloro-N- 
ethyl-N'-(l-methylethyl)-l,3,5-triazine-2,4-diamine] and 3.4 kg/ha 
terbacil to eliminate undesired weed species from the test area.
Plots were 4.6 m x 7.6 m for the first location of each study and 2.1 
m x 7.6 m for the second location. Johnsongrass was treated at the 
3-6 collar stage, 10-30 cm high for the rate response study and 4-6 
collar stage, 20-45 cm high for tank mix and sequential studies. 
Herbicide rates for the rate response was 0, 0.6, 1.1, 2.2, 3.4, 4.5, 
5.6, 6.7, 7.8, and 9.0 kg/ha for asulam and dalapon. Rates for the 
tank mix study were asulam at 0, 2.2, 3.4 and 4.5 kg/ha and dalapon 
at 0, 2.2, 3.4, 3.7 and 4.5 kg/ha. Sequential treatments consisted 
of 2.2 and 3.7 kg/ha asulam and 2.2, 3.4 and 4.5 kg/ha dalapon. 
Sequences included dalapon or asulam followed 0, 1, 2, or 3 weeks 
later by dalapon or asulam.
In addition to visual evaluations, five plants in each plot were 
tagged after herbicide application. Twelve weeks after treatment, 
individual plant height (measured from the soil surface to the 
uppermost collar), number of shoots (at ground level to 30 cm high), 
number of seedheads, and standing crop (clipped at the soil surface 
and dried in a forced air oven at 80 C for 48 hr) were evaluated.
All studies were arranged as randomized block designs with four 
replications. Treatment means were separated using Duncan's new 
multiple range test at the 95% level of confidence. A priori
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contrasts were also conducted to provide information on specific 
comparisons. In this paper, referral to asulam/dalapon combinations 
includes tank mix and sequential applications and the term control 
refers to the combined effect of plant injury and regrowth.
RESULTS AND DISCUSSION 
Rate Response Study. Johnsongrass injury increased as herbicide 
rates increased with both asulam and dalapon applications (Table 1). 
■The herbicides were slow acting, which is evident by the increase in 
injury and regrowth between the 4 and 8 WAT. Low rates of 0.6 kg/ha 
asulam and 0.6 and 1.1 kg/ha dalapon did not induce regrowth since 
only minimal injury, consisting of slight chlorosis occurred. Plants
eventually recovered and continued to grow and compete similar to the
untreated control. The greatest johnsongrass injury and the least 
amount of regrowth was evident in plots treated with 3.4 to 9.0 kg/ha 
asulam. Regrowth was greatest at lower rates and tended to be 
suppressed as asulam rates increased, indicating greater control of 
johnsongrass. Lower herbicide rates caused stunting of growth with 
chlorosis of the leaves. By 4 WAT, new shoots from the root crown 
area were initiated. Rates below 3.4 kg/ha provided unacceptable 
injury and regrowth ratings. None of the dalapon treatments provided 
acceptable control of rhizome johnsongrass (11-64% injury). Dalapon 
at 2.2 to 9.0 kg/ha resulted in more injury than 0.6 or 1.1 kg/ha. 
Dalapon tended to stunt plants and distort apical meristems.
However, new tillers were produced from the base of the plant, often
in prolific numbers. This regrowth enabled dalapon treated
johnsongrass to continue to grow and produce seedheads by the end of 
the season. Dalapon at 4.5 kg/ha was reported to provide only
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Table 1. Response of johnsongrass to single asulam or dalapon
applications at the Ben Hur Research Farm, Baton Rouge, Louisiana in 
1984.a
_ be 
Treatment Rate Injury
- 4 WAT ----
Regrowth
---- 8
Injury
W A T ------
Regrowth
Asulam
(kg/ha)
0.6 25c-f
---------- %
48a-d 10gh Of
Asulam 1.1 34cde 64abc 23fg 43b-e
Asulam 2.2 73ab 26cde 69bc 48a-d
Asulam 3.4 74ab 18de 83ab 30c-f
Asulam 3.7 78a lOde 96a 13ef
Asulam 4.5 81a 3cde 96a 4f
Asulam 5.6 90a Oe 97a 8f
Asulam 6.7 82a Ode 92a 14ef
Asulam 7.8 85a Oe 90a 15ef
Asulam 9.0 79a 5e 92a 15ef
Dalapon 0.6 9ef 30bcd Ugh Of
Dalapon 1.1 14def 70a 10gh 18def
Dalapon 2.2 34cde 73a 40ef 60abc
Dalapon 3.4 36cde 69ab 43e 78a
Dalapon 4.5 46bc 66ab 54cde 68ab
Dalapon 5.6 40cd 84a 38ef 6 lab
Dalapon 6.7 49bc 73a 40ef 74ab
Dalapon 7.8 46bc 84a 48de 73ab
Dalapon 9.0 48bc 56abc 64bcd 63ab
£
Treatments means followed by the same letter are not
significantly different according to the Duncan's new multiple range 
test at the 95% level of confidence.
k All treatments include 0.5% nonionic surfactant.
Treatments applied to johnsongrass at 3-6 collars, 10-30 cm tall.
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temporary suppression of johnsongrass (15). Single applications of 
dalapon have been reported to be less successful than multiple 
applications (2,4). From results of this study, it appears that 
3.4 kg/ha asulam is the minimal single asulam application which will 
provide effective johnsongrass control. Dalapon at 2.2 kg/ha and 
higher provided unacceptable long term control, aside from temporary 
stunting.
1983 Asulam/Dalapon Combinations. Treatments in 1983 included 
asulam and dalapon single applications, tank mixes and sequential 
treatments. Minimal to no cane injury was detected from injury 
ratings 3 and 6 WAT, and stalk populations 12 WAT (data not 
included). Contrasts comparing time of application averaged across 
all individual treatments showed that EP applications were more 
efficacious than LP treatments at 6 WAT (Table 2). Single 
applications of asulam and dalapon, averaged across all rates and 
times, were less injurious to johnsongrass than tank mixes or 
sequential treatments (Table 3). Dalapon treatments resulted in 
greater regrowth (57%) than asulam alone (44%) or asulam/dalapon 
combinations (33-39%).
Plant response trends of rating at 3 WAT were similar to 6 WAT, 
thus only 6 wk evaluations will be discussed (Table 4). Greatest 
differences in injury between EP and LP were observed when low rates 
of single herbicides were applied. Asulam at 2.2 kg/ha or dalapon at
2.2 to 4.5 kg/ha caused 65-81% injury when applied EP and, 24-52% 
injury when applied LP. Injury decreased 23% when 2.2 kg/ha asulam 
plus 2.2 kg/ha dalapon was applied LP compared to EP. All other 
asulam/dalapon combinations as well as 3.7 kg/ha asulam alone
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Table 2. Contrasts for time of application averaged across all
rates and treatments with asulam, dalapon and asulam/dalapon
combinations on johnsongrass at Rougon and Baton Rouge, Louisiana in 
1983. a
- 6 WAT --------
Time of Application Injury Regrowth
Early Postemergence 81b 34a
Late Postemergence 66a 54b
Means followed by the same letter are not significantly 
different according to a priori contrasts at the 95% level of 
confidence.
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Table 3. Contrasts for asulam, dalapon and asulam/dalapon 
combinations on johnsongrass averaged across all rates and times of 
application at Rougon and Baton Rouge, Louisiana in 1983.
Treatment** Injury
6 W A T --------
Regrowth
Asulam 68b
—  % -------
44a
Dalapon 56a 57b
Asulam/Dalapon Tank Mix 80c 39a
Asulam/Dalapon Sequence 84c 33a
£
Means followed by the same letter are not significantly different 
according to a priori contrasts at the 95% level of confidence, 
k All treatments include 0.5% nonionic surfactant.
Table 4. Asulam, dalapon and asulam/dalapon combinations on johnsongrass In noncropland and 
sugarcane at Rougon and Baton Rouge, Louisiana In 1983.3
bTreatment
Sequence
Interval Rate TimingC
---- 3
Injury
WAT----
Regrowth Injury
b la: ----
Eecrovth
(kg/ha) ---- --------z ■
Untreated Control EP Oh Oi Oh Dm
Asulam 2.2 EP 67def 9ghi 77abc 44ri-j
Asulam 3.7 EP 85ab 9ghi 84ab 29h-l .
Dalapon 2.2 EP 56fg 21f-i 65cd 72nbc
Dalapon 3.4 EP 63efg 36b-f 73bc 79a
Dalapon 4.5 EP 56fg 44a-e 81ab 7 bab
Asulam + Dalapon 2.2 + 2.2 EP 79a-d 6hi 82ab 2ii-m
Asulam + Dalapon 2.2 + 3.4 EP 78a-d llghi 82ab 35f-k
Asulam + Dalapon 2.2 + 4.5 EP 77a-e 18f-i 87ab 23i-m
Asulam + Dalapon 3.7 + 2.2 EP 84ab llghi 85ab 9klm
Asulam + Dalapon 3.7 + 3.4 EP 88a llghi 87ab lOklm
Asulam + Dalapon 3.7 + 4.5 EP 86ab llghi 86ab 41m
Dalapon + Asulam 1 Wk 3.4 + 3.7 EP 81a-d 18f-i 88ab 9klhi
Dalapon-+ Asulam 2 Wk 3.4 + 3.7 EP 85ab 25d-h 80a b 19j-m
Dalapon + Asulam 3 Wk 3.4 + 3.7 EP 83abc 23f-i 79ab 33g-k
Asulam 2.2 LP 63efg 53abc 38f 43e-j
Asulam 3.7 LP 71b-e 17f-i 73bc 59a-g
Dalapon 2.2 LP 51g 51abc 24g 46c-j
Dalapon 3.4 LP 63efg 58ab 38f 45c-j
Dalapon 4.5 LP 69c-f 63a 52e 53a-h
Asulam + Dalapon 2.2 + 2.2 LP 73a-e 46a-d 59de 68a-e
Asulam + Dalapon 2.2 + 3.4 LP 79a-d 48abc 74bc 63a-f
Asulam + Dalapon 2.2 + 4.5 LP 85ab 24d-h 81ab 53a-h
Asulam + Dalapon 3.7 + 2.2 LP 86ab llghi 78abc 49b-i
Asulam + Dalapon 3.7 + 3.4 LP 84ab 32c-g 76abc 7 la-d
Asulam + Dalapon 3.7 + 4.5 LP 85ab 21f-i 82ab 63a-e
Dalapon + Asulam 1 Wk 3.4 + 3.7 LP 74a-e 13ghi 86ab 44c-j
Dalapon + Asulam 2 Wk 3.4 + 3.7 LP 79a-d 7hi 80ab 53a-h
Dalapon + Asulam 3 Wk 3.4 + 3.7 LP 69c-f 45a-e 89a 42e-j
3 Treatment means followed by the same letter are not significantly different according to the 
Duncan's new multiple rante test at the 95Z level of confidence.
All treatments include 0.5Z nonionic surfactant.
c
urowth stage of johnsongrass at Early Postemergence (EP) treatment was 4-6 collars, 30-45 cm 
high; i.ate Postemergence (LP) treatment 5-8 collars, 45-60 cm high.
maintained the same level of injury regardless of application time 
while regrowth was nearly doubled when asulam/dalapon combinations 
were applied LP compared to EP.
Dalapon treatments were the least effective, causing minimal 
injury and greater regrowth compared to other treatments. Asulam at
3.7 kg/ha provided control comparable to tank mixes and sequential 
treatments. EP tank mixes consisting of 2.2 kg/ha asulam plus 2.2 
kg/ha dalapon provided injury and regrowth equivalent to 3.7 kg/ha 
asulam and sequential applications. Increasing rates of asulam or 
dalapon in the tank mix did not further improve control.
This research suggests that growth stage at the time of 
treatment will affect the level of control obtained from asulam/ 
dalapon applications. The most successful control was obtained when 
treatments were made to johnsongrass less than 45 cm high. The tank 
mix of 2.2 kg/ha asulam plus dalapon provided johnsongrass control 
equivalent to any single, tank mix, or sequential application with 
higher rates of asulam.
1984 Asulam/Dalapon Tank Mix Studies. In 1984, all treatments 
were made to johnsongrass no greater than 45 cm. Contrasts averaged 
across all rates indicated that the best control was obtained with 
asulam/dalapon tank mixes, followed by asulam alone (Table 5). 
Dalapon provided the least amount of control or injury. Asulam 
control was acceptable but not as extensive as that with the tank 
mixes. Plants treated with dalapon had the greatest regrowth, stem 
number and height, indicating the least amount of control of the 
treatments tested while plants treated with tank mixes had the least
Table 5. Contrasts for asulam, dalapon and asulam/dalapon tank mix treatments on johnsongrass
averaged across all rates at Ben Hur Research Farm, Baton Rouge, Louisiana in 1984.
c
Treatment Injury
8 W A T ----
Regrowth Weight
------ 12
Height
WATb --
Stem
Number
Seedhead
Number
---- % ----- (g) (cm)
Asulam 87b 30b 2 .8a 23.1b 1.5b 0.4a
Dalapon 60a 79c 12.2b 67.7c 2 .8c 1.4b
Asulam + Dalapon Tank Mix 92c 21a 2.6a 14.7a 0.7a 0.3a
Means within a column followed by the same letter are not significantly different at the 95% 
level of confidence.
b Measurements are an average of 5 plants per plot in two locations, or 40 total plants.
All treatments include 0.5% nonionic surfactant.
amount of regrowth, stem number and height. Johnsongrass biomass and 
seedhead number was the same for asulam and tank mix treatments.
In general, tank mix treatments averaged across asulam rates 
showed that johnsongrass control was increased when dalapon was 
increased from 2.2 to 3.4 or 4.5 kg/ha (Table 6). This tank mix 
showed no increase in johnsongrass injury while less regrowth, 
weight, height, stem number and seedhead number occurred.
The full effect of herbicide activity was not apparant at 4 WAT 
due to the slow activity of both of these herbicides (Table 7). 
Several treatments provided excellent control by 8 WAT. Asulam 
applied alone at 3.4 kg/ha or greater provided injury and regrowth 
rating comparable to those of tank mix applications. Single 
applications of all rates of dalapon or 2.2 kg/ha asulam did not 
provide acceptable control due to low injury (46-72%) and high 
regrowth (55-91%) ratings.
A tank mix of 2.2 kg/ha asulam plus 2.2 kg/ha dalapon provided 
the same level of control as single asulam rates of 3.4 kg/ha and 
higher. Efficacy of tank mixes was not increased when asulam rates 
were increased above 2.2 kg/ha. Individual measurements indicated 
that tank mixes using 2.2 kg/ha dalapon were less effective than tank 
mixes using 3.4 or 4.5 kg/ha dalapon. Single dalapon applications 
were the least effective treatments which agrees with visual 
evaluations. Asulam at 3.4 kg/ha reduced plant weight, height and 
seedhead number equivalent to the asulam/dalapon tank mixes. An 
asulam rate of 3.7 or 4.5 kg/hg rate resulted in stem numbers equal 
to tank mixes.
Table 6. Contrasts for asulam/dalapon tank mix applications on johnsongrass averaged across asulam
rates at Ben Hur Research Farm, Baton Rouge, Louisiana in 1984.
c
Treatment Injury
8 W A T-- ----
Regrowth Weight
------- 12
Height
WATb -----
Stem
Number
Seedhead
Number
- % ------- (g) (cm)
Asulam +2.2 kg/ha Dalapon 89a 28a 4.9a 22.8a 1.3a 2.3a
Asulam + 3.4 kg/ha Dalapon 93a 19b 1.6b 12.8b 0 .6b 0 .2b
Asulam +4.5 kg/ha Dalapon 95a 15b 1.3b 8.3b 0.3b 0 .2b
Means within a column followed by the same letter are not significantly different at the 95%
level of confidence according to a priori contrasts.
b Measurements are an average of 5 plants per plot in 2 locations, or 40 total plants.
Q
All treatments include 0.5% nonionic surfactant.
Table 7. Visual evaluations and Individual attributes of johnsongrass plants treated with asulam, dalapon or asulam/dalapon
tank mix applications at Ben Hur Farm, Baton Rouge, Louisiana In 1984.a
— cd Treatment
Rate
(kg/ha) Injury
W A T --
Regrowth
--- 8
Injury
W A T---
Regrowth Weight Height
WAT ----
Stem
Number
Seedhead
Number
Untreated Control 0g Of
z ------
Od Of
(g)
18.7a
(cm)
121.6a 2.6ab 2.7a
Asulam 2.2 36de 21c-f 69b 55b 4.6def 35.4cde 2.3abc 0.4cd
Asulam 3.4 46cd 23c-f 93a 25cde 2.4def 24.8def i.4c-f 0. 3cd
Asulam 3.7 46cd 15c-f 93a 30cd 2.9def 20.9d-g 1.7b-e 0.5cd
Asulam 4.5 50c 5ef 95a lldef 1. If 11.2fg 0.7e-h 0.2cd
Dalapon 2.2 16f 66a 46c 91a 16.2ab 79.9b 3.2a 1.6b
Dalapon 3.4 23ef 47ab 61b 83a 12.4bc 72.2b 3.2a 1.6b
Dalapon 4.5 25ef 56a 72b 64b 7.9cde 50.9c I.9bcd 0.9bc
— — — — ---- — — ------------ -----------— -- — — ------ - — -------- — — — — -
Asulam + Dalapon 2.2 4 2.2 5 8a be. 24cde 90a 28cd 4.9def 13.5fg 1.3c-g 0. led
Asulam + Dalapon 2.2 4 3.4 58abc 31bcd 93a 24cde 1.6 f 13.5fg 0.7e-h 0.2cd
Asulam 4 Dalapon 2.2 4 4.5 66a- • 16c-f 96a 5ef 0.4f l-2g 0.2gh O.ld
Asulam 4 Dalapon 3.4 4 2.2 56abc 35bc 85a 34c 8.3cd 39.5cd 1,9bcd 1.3b
Asulam 4 Dalapon 3.4 4 3.4 59abc 13c-f 93a 19c-f 2. lef 16.0efg 0.6e-h 0.4cd
Asulam 4 Dalapon 3.4 4 4.5 59abc 16c-f 96a 16c-f 0.3f i.Ofg 0. lh O.Od
Asulam 4 Dalapon 3.7 4 2.2 48cd 23c-f 87a 28cd 3.5def 24.4def i.ldef 0.5cd
Asulam 4 Dalapon 3.7 4 3.4 59abc lOdef 91a 24def 2. lef 15.9efg 0.6e-h 0.2cd
Asulam 4 Dalapon 3.7 4 4.5 57abc 23c-f 90a 30cd 3.0def 17.3efg 0.7e-b C.5cd
Asulam 4 Dalapon 4.5 4 2.2 58abc lldef 93a 23cde 3.Odef 14.8efg 1.Oo-h 0. 4cd
Asulam 4 Dalapon 4.5 4 3.4 64ab Of 96a 8def 0.4f 5.6fg 0.4fgh O.ld
Asulam 4 Dalapon 4.5 4 4.5 70a lOdef 96a 9def 1.6f 10.5fg 0.3fgh 0.2cd
8 Treatment means followed by the same letter are not significantly different according to Duncan's new multiple range 
test at the 95Z level of confidence.
Measurements are.an average of 5 plants per plot In two locations, or 40 plants.
c
All treatments Include 0.5Z nonionic surfactant.
** Johnsongrass treated at the 3-6 collar stage, 20-45 cm.
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1984 Asulam/Dalapon Sequential Study. Activity of sequential 
applications when averaged across all sequence intervals showed that 
all sequences, regardless of the herbicide combination, provided the 
same level of johnsongrass injury, while asulam/asulam treatments 
maintained the least amount of regrowth (Table 8). Individual 
measurements indicated no difference in johnsongrass weight, height, 
stem number and seedhead number between dalapon/asulam and asulam/ 
asulam treatments.
When averaged across all treatments, johnsongrass injury 
(94-96%) 8 WAT was not affected by sequence time (Table 9).
However, as the interval between applications increased, the amount 
of regrowth produced increased from 18% at 0 wk to 32% at 3 wk. 
Individual measurements showed stem number per plant increased 
between the 0 wk and 3 wk sequence which coincides with increased 
regrowth observations.
All sequences, regardless of the treatment, caused high levels 
of johnsongrass injury (Table 10). A single asulam application at
3.7 kg/ha provided control comparable to all sequential treatments 
tested. Single applications of 2.2 kg/ha asulam and 3.4 kg/ha 
dalapon showed substantially less injury and greater levels of 
regrowth which coincides with results from the rate response and tank 
mix studies.
The length of the sequence interval with asulam/asulam 
treatments showed essentially no change in johnsongrass control. 
Johnsongrass treated with dalapon/dalapon sequences showed an 
interesting response to these treatments. Excellent injury levels 
were obtained with the split applications. However, 0 wk sequences
Table 8. Contrasts for dalapon/asulam, dalapon/dalapon, and asulam/asulam sequential treatments
averaged across all rates and sequence intervals on johnsongrass at Ben Hur Research Farm, Baton
Rouge, Louisiana in 1984.
------ 8 W k    12 Wkb ---------------
Treatment0 Injury Regrowth Weight Height Stem Seedhead
Number Number
- % ----- (g) (cm)
Dalapon/Asulam Sequence 94a 28b 3.2ab 23.7a 1.0a 0.4a
Dalapon/Dalapon Sequence 95a 24b 4.1b 22.0ab 0.8a 0.4a
Asulam/Asulam Sequence 97a 9a 1.3a 8.5a 1.1a 0.1a
Means followed by the same letter are not significantly different according to a priori 
contrasts at the 95% level of confidence.
b Measurements are an average of 5 plants per plot in two locations, or 40 plants.
Table 9. Contrasts for asulam/asulam, dalapon/dalapon and asulam/dalapon sequential treatments
on johnsongrass averaged across all sequence intervals at Ben Hur Research Farm, Baton Rouge,
Louisiana in 1984.a
Treatment Injury
8 W A T --- -
Regrowth Weight Height
WATb --
Stem
Number
Seedhead
Number
——--- - % — ------ (g) (cm)
0 Week Sequence 94a 18a 2.4a 16.7a 0.5a 0.3a
1 Week Sequence 96a 18a 2.8a 19.7a 0.6ab 0.4a
2 Week Sequence 96a 21c 2.8a 17.7 1.4ab 0.3a
3 Week Sequence 94a 32b 3.6a 23.9 1.3b 0.4a
Means followed by the same letter are not significantly different according 
to a priori contrasts at the 95% level of confidence.
b Measurements are an average of 5 plants per plot in two location, or 40
plants.
lable 10. Visual evaluations and individual attributes of Johnsongrass treated vlth dalapon/asulam, asulam/asulam and
dalapon/dalapon sequential treatments at Ben Hur Farm, Baton Rouge, Louisiana in 1984.a
Sequence 
cd T , .reatment Interval
Kate
(kg/ha)
4 W A T -----
Regrowth
-----  8 WAT -----
Injury RegrovthInjury Weight Height
Stem
Number
Seedhead
Number
Untreated Control
Asulam
Asulam
Dalapon
2.2
3.7
3.4
Of
36e
76bc
36e
Of
45b
28b-f
71a
(8)
37.5a
15.5b
3.7c
16.4b
(cm)
149.1a 
91.8b 
26.7de 
63.9bc
3.9a 
2.7ab 
l.Obcd 
2.4abc
4.3a
1.9b
0.4c
1.8b
Od
55c
90a
70b
Oh
59ab
31c-g
61a
Dalapon + Asulam 0 Wk 3.4 T 2.2 82abc 38bcd 89a 15c-h 2.3c 20.2de 0.4cd 0.3c
Dalapon + Asulam 1 Wk 3.4 + 2.2 48de 29b-e 94a 37b-e 4.2c 36.4cd D.9bcd 0.6c
Dalapon + Asulam 2 Wk 3.4 + 2.2 8 Labe 43bc 93a 38a-e 4.8c 32.9cde 1.7bcd 0.7c
Dalapon + Asulam 3 Wk 3.4 + 2.2 75bc 35bcd 90a 55abc 5.2c 37.led 1.4bcd 0.7c
Dalapon + Asulam 0 Wk 3.4 + 3.7 89ab 15c-f 98a 6gh 0.6c 8.2de 0.2d 0.1c
Dalapon t  Asulam I Wk 3.4 + 3.7 54d 30b-e 95a 25d-h 2.9c 19.6de 0.9bcd 0.3c
Dalapon + Asuiam 2 Wk 3.4 + 3.7 81abc 9def 97a 16e-h 1.8c 9.8de 0.5cd 0.1c
Dalapon + usulam 3 Wk 3.4 + 3.7 68c 34bcd 95a 33c-f 3.9c 25.7da 2.la-d 0.5c
Asulam + Asulam 0 Wk 3.7 + 3.7 74bc 3ef 98a 5h 0.1c 1.3e O.ld 0.0c
Asulam + Asulam 1 Wk 3.7 + 3.7 79bc Of 98a 3h 0.1c 1.4e O.ld 0.0c
Asulam + Asulam 2 Wk 3.7 + 3.7 96a 3ef 99a 9fgh 1.2c 9.7de 2.8ab 0.1c
Asulam + Asulam 3 Wk 3.7 + 3.7 88ab 26b-f 94a 20e-h 2.7c 21.4oe 1.3bcd 0.3c
Dalapon + Dalapon 0 Wk 3.4 + 3.4 48de 25b-f 90a 46a-d 6.4c 37.0cd 1.4bcd 0.8c
Dalapon + Dalapon 1 Wk 3.4 + 3.4 48de 36bcd 96a 7gh 4. lc 21.3de 0.5cd 0.5c
Dalapon + Dalapon 1 Wk 3.4 + 3.4 86ab 18b-f 96a 22d-h 3.5c 18.3de 0.7cd 0.3c
Dalapon + Dalapon 3 Wk 3.4 + 3.4 75bc 44bc 96a 19e-h 2.4c 11.4de 0.5cd 0.1c
a Treatment means followed by the same letter are not significantly different according to 
Duncan's new multiple range test at the 9SZ level of confidence.
b Measurements are an average of 5 plants per plot in two locations, or 40 plants. 
C All treatments include 0.5Z nonionic surfactant.
d Treatments made to johnsongrass at the 3-6 collar stage, 20-45 cm high.
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were the least effective in controlling regrowth (46%) while 3 wk 
sequences were the most successful (19%). This agree with results 
from other researchers who have found efficacy of dalapon to be the 
greatest when application is divided into two or more treatments in 
contrast to one large dose (2,4). Millhollon (12) applied two 
applications of 4.5 kg/ha dalapon spaced 4 weeks apart to 61 cm 
johnsongrass and obtained 69% seasonal control. Johnsongrass control 
was less than that observed in this study, possibly due to the fact 
that johnsongrass was 45 cm tall, and possibly more susceptible.
This is further substantiated by 1983 data which showed decreased 
asulam/dalapon activity on johnsongrass up to 61 cm. Use of 
repeated dalapon applications is feasible in a noncropland situation. 
Unfortunately, these treatments are not applicable for use in 
Louisiana sugarcane due to crop injury which results in yield losses 
( 12 ) .
Johnsongrass injury was not affected by the interval length 
between herbicide applications or by an increase in asulam rate from
2.2 to 3.7 kg/ha with dalapon/asulam sequences. This agrees with 
tank mix data, where no increase in control was observed with 
increasing rates of asulam. However as the sequence interval 
increased, johnsongrass regrowth increased. This is useful 
information since presently a johnsongrass control program consisting 
of 6.0 kg/ha dalapon followed 3 to 6 weeks by 3.7 kg/ha asulam is 
recommended for control of rhizome johnsongrass in sugarcane (1).
From results of these studies, it would be beneficial for the farmer 
to apply these herbicides in a tank mix which would eliminate one
80
trip across the field later in the season and also induce less 
regrowth.
Johnsongrass plants did not show a difference in plant weight, 
height, stem number or seedhead number between plants treated with
3.7 kg/ha asulam and dalapon/asulam sequential applications.
Control of rhizome johnsongrass is feasible using asulam/dalapon 
tank mixes and sequential treatments. Herbicide treatment is most 
effective when applied to johnsongrass up to 45 cm high. Sequential 
applications provided good control, however, johnsongrass regrowth 
increased as the sequence interval lengthened. Therefore, tank mix 
applications have the greatest potential in providing thorough 
johnsongrass control. A tank mix of 2.2 kg/ha asulam plus 3.4 or 4.5 
kg/ha dalapon provided johnsongrass control comparable with a single 
rate of 3.4 kg/ha asulam or greater. Asulam/dalapon tank mixes are 
capable of controlling johnsongrass while using up to 35% less asulam 
than a single herbicide application. Application of lower herbicide 
rates also reduce the possibility of cane injury and yield 
reductions.
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MANUSCRIPT 4
ABSORPTION, TRANSLOCATION, AND METABOLISM 
OF 14C-ASULAM INFLUENCED BY DALAPON IN 
ITCHGRASS AND JOHNSONGRASS1
BARBARA J. HOOK AND LYNN M. KITCHEN2
Abstract. Laboratory studies were conducted examining the movement 
14and fate of C-asulam [methyl(4-aminophenylsulfonyl)carbamate] 
applied with formulated asulam or an asulam/dalapon (2,2-
3
dichloropropionic acid) mix in itchgrass (Rottboellia exaltata L.f.#
3
ROTEX] and johnsongrass [Sorghum halepense (L.) Pers. # SORHA].
Itchgrass plants, 13-18 cm high were selected from a natural
population and treated in the field while johnsongrass rhizomes were
collected and grown to 18-25 cm tall in the greenhouse. Plants were
14treated with 0.07 uCi and 0.23 uCi C-asulam for absorption/
translocation and metabolism studies, respectively. Seven days after
14 14treatment, 97-100% recovered C co-chromatographed with C-asulam
in both plant species. Absorption of radiolabel increased from 
14
7.1-11.2% C recovered at 4 hr to 40.7-46.2% at 8 hr in itchgrass
Received for publication __________ and in revised form _______ .
2
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from Impt. Weeds of the World, 3rd ed., 1983. Available from WSSA, 
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treated with asulam or asulam/dalapon. Johnsongrass C absorption
ranged from 26.2-34.5% with asulam treatment while concentrations in
asulam/dalapon treated plants increased to 78.5% by 72 hr. Acropetal
14and basipetal movement of C-asulam occurred within 2 hr of
treatment in itchgrass and johnsongrass. The highest concentration 
14
of C occurred in the lower leaves section with itchgrass and in the
treated leaf with johnsongrass. Absorption, distribution and 
14metabolism of C-asulam show species differentiation between
itchgrass and johnsongrass.
14Additional Index Words. C-asulam, dalapon, tank mix, Rottboellia 
exaltata, Sorghum halepense, absorption, translocation, metabolism, 
ROTEX, SORHA.
INTRODUCTION
Asulam and dalapon are often used for postemergence grass 
control in Louisiana sugarcane. Itchgrass and johnsongrass are two 
target weeds of great concern in sugarcane. These grasses are 
susceptible to both of these herbicides, although complete control 
may not always be obtained using a single application at recommended 
rates (8,9).
Asulam is considered to be mobile once it enters susceptible 
species. The translocation pattern of asulam follows source to sink 
movement (1,13). Absorption/translocation work on the resistant 
plants flax (Linura usitatissimum L.) and sugarcane (Saccharum 
interspecific hybrids) have shown limited penetration and very little 
movement from the treated area (1). In bracken fern [Pteridium
— ARD 13/30, 65% a.i. asulam + dalapon. May & Baker, Ltd.
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aquilinum (L.) Kuhn], a susceptible species, the highest 
14
concentrations of C remained in the treated pinnae. Label of
asulam gradually accumulated over a 20 wk period, into areas of high
metabolic activity (rhizome buds) (12,13).
Veerasekaran (11) compared activity of single applications of
dalapon and asulam to a formulated asulam/dalapon mixture —  ^and
obtained greater control of the rhizomatous grass, alang-alang
[Imperata cylindrica (L.) Pers.] with the tank mix. In supplementary
14studies, he found greater concentrations of C were absorbed by
plants treated with the asulam/dalapon mix.
In Louisiana, greenhouse and field studies compared asulam and
dalapon single applications with tank mix and sequential treatments.
A tank mix of 2.2 kg/ha asulam plus 3.4 or 4.5 kg/ha dalapon provided
itchgrass and rhizome johnsongrass control comparable to the current
recomended single rate of 3.7 kg/ha asulam (3,4,5).
The objectives of this study were to delineate the absorption,
14translocation and metabolism of C-asulam as affected by addition of 
dalapon to tank mix applications in itchgrass and johnsongrass to 
acertain whether these processes have a direct effect on species 
response to these herbicides.
MATERIALS AND METHODS 
Plant species sites and preparation. Itchgrass plants were 
selected and treated in a natural population at Burden Research 
Plantation, Baton Rouge, Louisiana on a Olivier silt loam (fine- 
silty, mixed, thermic, Aquic Fraguidalfs), with a pH of 6.7 and 1.1%
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O.M. Itchgrass was 13-18 cm tall with 2-4 collars at the time of 
application.
Johnsongrass rhizomes containing 3-5 nodes were collected from
an area that had not received previous herbicide applications for 3
years. Rhizome pieces were planted in 15 cm styrofoam pots in soil
from the collection site (Mhoon silty clay loam, fine-silty, mixed,
nonacid, thermic, Aerie Fluvaquents; pH 5.1, 0.9% O.M.). Plants were
grown in the greenhouse supplemented by metal halide lighting to
-2 -1
provide a 14 hr light period (750 uE'm s ). Three weeks after
planting, plants were clipped to the soil surface and allowed to
regrow to provide a uniform population. Applications were made to
johnsongrass 18-25 cm tall with 3-4 collars.
Studies were conducted as completely randomized designs with 8
replications. Treatment means for penetration and translocation
studies were separated using Duncan’s new multiple range test at the
95% level of confidence.
14
C-asulam application and measurement. Treatments in
penetration, translocation and metabolism studies consisted of (1)
2.2 kg/ha asulam and (2) 2.2 kg/ha asulam plus 3.4 kg/ha dalapon.
2/
All treatments included 0.5% nonionic surfactant —
(aklyarylpolyoxethylene glycols, free fatty acids, and isopropanol). 
Formulated herbicide was applied to the entire plant using a C09
2
backpack sprayer (200 L/ha, 207 kPa) with the exception of a 1 cm 
area which was covered with masking tape on the uppermost fully
2/— X-77. Cheveron Chemical Company, Ortho Division, Richmond,
California.
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developed leaf. Immediately after spraying, the tape was removed and
2
the leaf tissue in the 1 cm area was treated with 0.07 uCi 
14
C-asulam (46.3 uCi/mg) mixed with formulated herbicide (total
volume of 10 ul) which was equivalent with the herbicide rate applied
to the rest of the plant. Plants were harvested 2, 4, 8, 12, 24, and
1472 hours after application of C-asulam. At harvest, the treated
leaf was removed and washed twice in a 10% asulam solution
14containing 0.5% nonionic surfactant to remove C that had not
penetrated the leaf. Wash solution samples were counted using a
3/liquid scintillation spectrophotometer — .
Plants were sectioned into: treated leaf, upper leaves (stem
and leaf tissue above the treated leaf collar), lower leaves (stem
and leaf tissue below the treated leaf to the soil surface), roots,
and rhizome (johnsongrass only). Plant sections were lyopholized,
4/ 14weighed and combusted in a biological oxidizer — and C was
measured using a liquid scintillation spectrophotometer. Data is
14presented as a percentage of C recovered (recovery 91% or greater).
14
Leaf wash data (not presented) showed no decrease in recovered C
over time indicating no loss of radiolabelled asulam by 
volatilization.
Metabolism study. Plants were grown, treated, and sectioned as
14described above and harvested 7 days after application of C-asulam.
14
C-asulam extraction procedures were similar to those described by 
3/— Beckman LS 5801. Beckman Instruments, Irvine, California.
4/
— R.J. Harvey, Model OX-300, R.J. Harvey Instrument Corp, Hillsdale, 
New Jersey.
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Veerasekaran et al. (1976) and information supplied by Rhone Poulenc
Inc. Plant sections were homogenized twice in acetone and the
homogenate was filtered under suction through glass fiber filter
paper. The acetone volume was reduced to 10 ml with N£. Filtrate
was hydrolyzed by adding 10 ml 1 N HC1 and allowing it to stand for 2
hr. The hydrolysate was partitioned three times with equal volumes
of ethyl acetate. The ethyl acetate fraction was reduced under ^  to
141 ml to concentrate the C-recovered. A portion (0.1 ml) of the
ethyl acetate fraction was spotted on thin layer chromatography (TLC)
5/ 14precoated silica gel (.25 mm thick) plates — . A C-asulam standard 
was run on each plate. TLC plates were developed in a solvent system 
of ethyl acetate:pyridine: distilled water (50:30:20 v/v/v). ^ C
areas were identified on the TLC plates using a radiochromatogram 
spark chamber — ^. Radiolabel spots were scraped and assayed by 
scintillation spectrometry.
RESULTS AND DISCUSSION
14Extraction procedures recovered 30% of the C applied to
14itchgrass and johnsongrass. The majority of C remained in the
14plant residue (data not presented). Because recovery of C-asulam
from plant tissue was low, only extracts from lower leaf sections on
14itchgrass (area of highest C concentration) contained radiolabel
levels that could be detected on TLC plates. Approximately 97-100%
14
of the recovered radioactivity co-chromatographed with C-asulara at 
R^ value of 0.9 (Table 1). Small levels of radiolabel (0-3%)
—  ^EM Reagents, EM Laboratories Inc., Elmsford, New York.
—  ^Birchover Instruments LTD, Letchworth, Herts, England.
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14Table 1. C-metabolites in itchgrass and johnsongrass 7 days 
after treatment with ^C-Asulam.3**
0
14
R^ value
0.9
ITCHGRASS
Lower Leaves
Asulam 0 100
Asulam + Dalapon 0 100
JOHNSONGRASS
Treated Leaf
Asulam 3 97
Asulam + Dalapon 2 98
Upper Leaves
Asulam 3 97
Asulam + Dalapon 1 99
Lower Leaves
Asulam 1 99
Asulam + Dalapon 1 99
Roots
Asulam 1 99
Asulam + Dalapon 0 100
14C-Asulam recovered from TLC showed 99% recovery at value of
0.90 and 1% at value of 0.
k Solvant system of ethyl acetate:pyridine:distilled water (60:30: 
20 v/v/v).
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remained at the origin with all treatments. Veerasekaran (10)
14 14reported 59% of the C recovered thirty days after C-asulam
application, from bracen was asulam. According to this study, asulam
is not metabolized in itchgrass and johnsongrass within 7 days after
14treatment. Since no differences were detected, C will be assumed 
14to be C-asulam during discussion in the remainder of the paper.
Inclusion of dalapon with the asulam application did not effect
penetration or distribution of ^C-asulam in itchgrass (Table 2).
14A dramatic increase in C-asulam absorption between 4 and 8 hr was
14observed with both treatments. C-asulam increased from 7-11% at 4 
hr to 41-49% at 8 hr. Levels in all plant sections remained constant 
between 8 and 72 hr.
14The highest concentration of C up to the 8 hr harvest remained
in the treated leaf. The percentage of asulam recovered in the
treated leaves, upper leaves and roots remained constant at all
14harvest times. After 8 hr, the greatest levels of C accumulated in
14
the lower leaves. Negligible amounts of C were present in the
roots. Studies on the biology of itchgrass have shown that tiller
production occurs from 2-8 weeks after emergence (7,10). In this
study, itchgrass were treated during this period of tiller
14initiation. The highest levels of C accumulated in the lower
leaves section of the plant which included tillers and at this growth
stage appears to be an area of high activity.
14Differences in penetration of C in johnsongrass were observed 
between asulam and asulam/dalapon treatment (Table 3). Essentially 
all radiolabelled asulam absorbed by asulam-treated johnsongrass was 
absorbed during the first 2 hr after application. Concentration of
14
Table 2., Penetration and distribution of C in itchgrass 2, 4, 8, 12, 24 and 72 hour after
14 14 a
application with C-asulam or C-asulam plus dalapon.
Treatment Harvest
Treated Leaf
— Plant Part-------------
Upper Leaves Lower Leaves Roots
Total
Absorbed
14C-Asulam
(hrl
14 d
Z C Recovered -
2 4.4 b 3.3 2.8cd 0.3 10.8 be
4 8.6ab 1.7 0.8d 0.1 11.2 be
g 10.3a 3.3 32.4ab 0.2 46. 2a
12 7.3ab 0.5 27.Oab 1.1 32.9ab
24 6.6ab 3.3 18.4 be 0.6 28.9 a
72 7.9ab 3.7 23.2ab 1.0 37. 9a
14C-Asuia:::
Dalapon . 2 5.8ab 0.6 0. Id 0.8 7.3c
4 6. 2ab 0.2 0.5d 0.2 7.1c
8 10.1a 1.7 28.6ab 0.3 40.7a
12 6.7ab 3.4 37.5a 0.9 48.5a
24 7.6ab 3.2 20.8ab 0.5 24.5ab
72 8.2ab 3.0 21.5ab 0.5 25.Oab
3 Means in column followed by the same letter are not significantly different accord!
new multiple range Test at the 95% level of confidence. Column not showing letters did
significant r at the 95% level of confidence^
AsuI.t  treatments consists of 0.05 MCI C-asulam plus 2.2 kg/ha formulated asulam plus 0.5” non­
ionic rar.t. iialapon treatment is 3.4 kg/ha formulated dalapon plus 0.5% nonionic surfactant.
0 d nr ; ur application of ^C-asulam.
d
. recovery was 91% or greater.
eo
ro
Table 3. Penetration and distribution of **C in Johnsongrass 2, 4, 8, 12, 24 and 72 hour after application
14 - a
with C-asulam plus dalapon.
u,
Treatment^ HarvestC Treated Upper Lower
Leaf Leaves Leaves Roots
Total
Rhizome Absorbed
(hr)  Z 16C Recovered**'
*^C-Asulam
ta ;
2 10.If 4.1 8.3 2.6abc 1. lab 26.2c
4 12.3ef 5.3 6.6 l.Obcd 0.4bc 25.6c
8 13.2def 6.4 7.3 0.7cd 0.4c 28.0c
12 15.2c-f 8.3 10.2 l.Obcd 0.5bc 35.2bc
24 22.7cd 8.3 5.6 1.7a-d 1.1a 39.4bc
72 22.3cde 3.6 4.9 2. Sab 0.9abc 34.5bc
14C-Asulam +
Dalapon 2 16.3c-f 5.8 10.7 0.6d 0.6bc 34.0bc
4 17.9c-f 6.7 13.3 1.2bcd 0.6bc 39.7bc
' 8 25.2c 4.4 8.3 2.5abc 0.9abc 41,3bc
12 34.6 b 3.3 11.1 2.la-d O.Abc 51.5b
24 59.5 a 4.5 7.3 1.9a-d 0.3c 73.5a
72 62.2a 5.4 4.9 l.Obcd 0.5bc 78.5a
3 Means in column followed by the same letter are not significantly different according to Duncan's new
multiple range test at the 9SZ level of confidence. Columns not showing letters did not show a significant 
F at the '.'5Z level of confidence.
** Asulam treatments consists of 0.0S uCi C-asulam plus 2.2 kg/ha formulated asulam plus 0.5Z nonionic
surfactant. Dalapon treatment is 3.4 kg/ha formulated dalapon plus 0.5Z nonionlc surfactant.
c 1^
Hour*-, at'i rr application of C-asulan.
«l 16
r m-oviTv was 91Z or greater.
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14
C increased slightly with 12 to 72 hr harvests, but could be
considered essentially constant. Johnsongrass absorbed the same
percentage of radiolabel in 2 hr that itchgrass absorbed in 8 hr.
14The penetration of C-asulam by johnsongrass treated with
asulam/dalapon was similar with asulam treatments up to 12 hr.
Asulam/dalapon-treated johnsongrass continued to absorb after the 
14
12 hr harvest. C-asulam levels were twice as great in
asulam/dalapon-treated johnsongrass at 72 hr. In this study, even
though the same rate of asulam was applied in single and tank mix
applications, the asulam/dalapon mix allowed more asulam to be
absorbed by johnsongrass. Catchpole and Hibbitt (1) found that the
extent of asulam activity on johnsongrass, quackgrass [Agropyron
repens (L.) Pers.], and dock (Rumex obtusifolius L.) was dependent on
the herbicide dose retained by the plant. In johnsongrass, the
increase in asulam concentration in the plant may contribute to the
increased effectiveness of asulam when applied with dalapon.
14Both acropetal and basipetal movement of C-asulam was observed
in johnsongrass. Approximately one-half of the radiolabel remained
in the treated leaf of asulam-treated plants, while the remainder
moved to other plant sections. Low levels of radiolabel were
measured in roots and rhizomes (0.4- 2.8%) while plant tissue above
and below the treated leaf contained higher concentrations
(3.3-11.1%). Johnsongrass treated with asulam/dalapon showed greater 
14C-asulam accumulated in the treated leaf at 8-72 hr compared to
asulam alone, corresponding with the increase in absorption. Levels 
14of C in the treated leaf rose from 25.2 at 8 hr to 62.2 at 72 hr
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compared with 15.0 and 22%, respectively for asulam alone. This is
nearly a three fold increase in herbicide concentration.
Initially, ^C-asulam was not moved into the roots of asulam/
dalapon-treated johnsongrass (0.6%) as rapidly as asulam-treated
plants (2.6%). By 4 hr, asulam distribution was similar with both
14treatments. Lower levels of C were found in the rhizome of
asulam-treated plants at 24 hr than in asulam/dalapon treated plants. 
14C distribution in the remainder of the plants treated with
asulam/dalapon was similar with asulam alone. These absorption and
translocation data agree with results by Veerasekaran (11) who found
that alang-alang plants treated with an asulam/dalapon formulation
14showed increased absorption of C-asulam with no change in
translocation compared to plants treated with asulam alone. Hull (6) 
14followed C-assimilate movement in johnsongrass at three growth
14
stages. At the preboot stage, the percentage of C distribution
was: treated culm (84.4%), adjacent culm (6.2%), and rhizomes
(9.4%). Johnsongrass in the boot and flower stage contained less 
14concentration of C-assimilates in the treated leaf and more in the 
rhizome which is due to an increase in basipetal movement of 
assimilates as the plant ages. In the present study, distribution of 
^C-asulam 72 hr after treatment for asulam and asulam/dalapon 
treatments, respectively were: treated leaf (64.5, 79.2), upper
leaves (10.4, 6.9), lower leaves (14.2, 6.2), roots and rhizome 
(10.7, 5.7). If assimilate distribution in johnsongrass plants from 
this study is assumed to be similar to that reported by Catchpole and 
Hibbitt, then ^C-asulam movement in asulam-and asulam/dalapon- 
treated johnsongrass follows assimilate movement. As treated
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johnsongrass plants mature, greater amounts of asulam may be directed
14to the rhizomes with assimilate movement. An accumulation of C in
the rhizomes of alang-alang occurred between 1 and 7 days after 
14treatment of C-asulam applied with formulated asulam or
asulam/dalapon (11). Veerasekaran and Kirkwood (12) found bracken
14rhizomes accumulated C over time, as plants matured. In this study,
14the greatest amounts of C-asulam remained in the treated leaves up
to 72 hr after application.
In field studies, inclusion of 3.4 kg/ha dalapon with 2.2 kg/ha
asulam showed a large increase in itchgrass and johnsongrass control
over asulam applied alone (3,4). Eight weeks after treatment, the
asulam/dalapon tank mix and asulam alone provided 93 and 69%
johnsongrass injury, respectively and 24 and 55% regrowth. A tank
mix application of the above rates on itchgrass increased injury from
38 to 99% compared with asulam alone and decreased regrowth from 18
to 3%. This tank mix provided control comparable with 3.7 kg/ha
asulam. Injury responses from tank mix treatments were similar in
itchgrass and johnsongrass. Symptoms were characteristic of both
herbicides which suggests that asulam and dalapon jointly contribute
to the increase in control (compared with enhanced activity of only
one herbicide). In this study, absorption and distribution of 
14C-asulam applied in an asulam/dalapon mix indicate that these
processes are species dependent. The increased phytotoxicity on
itchgrass from asulam/dalapon mixes is not due to differential
absorption or translocation of asulam. In asulam/dalapon-treated
14johnsongrass, a three fold increase in C-asulam absorption occurred 
14with the greatest C concentration remaining in the treated leaf.
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Increased asulam concentration in johnsongrass may contribute to more 
thorough control. A higher herbicide concentration in the plant may 
be necessary to provide complete control of perennial species.
Movement and fate of dalapon when applied to test plants in an 
asulam/dalapon mix was not examined. It is possible that a tank mix 
application would enhance the penetration and distribution of dalapon. 
Foy (2) reported dalapon toxicity, due to greater penetration, was 
the most effective when applied in a solution with pH ranging from 
5-7. The pH of asulam, dalapon and asulam/dalapon tank mix 
solutions prepared for use in field studies (assumuing application at 
200 L/ha, 207 kPa) were measured (Table 4). Solutions of dalapon 
alone became more acidic as herbicide rate increased (6.2-4.8).
Asulam rates increased the alkalinity with higher concentrations 
(7.8-8.2). The pH of asulam/dalapon mixes ranged from 6.1-6.7. 
According to results by Foy this application would enhance 
penetration of dalapon.
The physiological process(es) affected by asulam/dalapon tank 
mixes is not known. It is probable that each herbicide has a 
separate mode of action. There is a more thorough depletion of plant 
reserves with combination treatments compared with application of a 
single herbicide due to the combined physiological effects of both 
herbicides.
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Table 4. pH of asulam and dalapon solutions of single and tank mix 
applications.a**
Treatment Rate pH
(kg/ha)
Asulam 2.2 7.8
Asulam 3.4 8.1
Asulam 3.7 8.2
Asulam 4.5 8.2
Dalapon 2.2 6.2
Dalapon 3.4 5.6
Dalapon 4.5 4.8
Asulam + Dalapon 2.2 + 2.2 6.5
Asulam + Dalapon 2.2 + 3.4 6.3
Asulam + Dalapon 2.2 + 4.5 6.1
Asulam + Dalapon 3.4 + 2.2 6.6
Asulam + Dalapon 3.4 + 3.4 6.4
Asulam + Dalapon 3.4 + 4.5 6.2
Asulam + Dalapon 3.7 + 2.2 6.7
Asulam + Dalapon 3.7 + 3.4 6.4
Asulam + Dalapon 3.7 + 4.5 6.3
Asulam + Dalapon 4.5 + 2.2 6.7
Asulam + Dalapon 4.5 + 3.4 6.5
Asulam + Dalapon 4.5 + 4.5 6.3
Tap Water, Baton Rouge, LA 7.6
Solutions mixed based on a spray application of 200 L/ha, 207
kPa^
Treatments inclued 0.5% nonionic surfactant.
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